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Abstract

Our ability to remember has long been aided by various supports in our environment. Although
these supports are indeed helpful when available, compared to having expected no support, there
iIs @ memory cost of expecting external memory support. This dissertation presents a series of
experiments that systematically examined this cost of expecting external memory support across
a variety of conditions and contexts. Central to the dissertation is the proposed explanation for the
memory cost: that it occurs because expecting external support leads to reduced efforts at
committing the to-be-remembered information into internal memory—or study effort. Results do
suggest that the costs to memory of expecting external support can be explained, at least in part,
by this study effort hypothesis. But results also evidence memory costs of expecting external
support that are not easily explained by reduced study effort. In exploring the influences of
expecting external support on metamemory, results suggest that people have a general awareness
of their performance ability with and without expected support. However, results also suggest areas
of difficulty with respect to metacognitive awareness of performance, implying that metacognitive
accuracy could be challenging when using external memory supports. In examining the memory
cost of expecting external support across a variety of conditions and contexts, this dissertation
provides further insights regarding our use of external memory supports and places the study effort

hypothesis on solid footing as a partial explanation for the cost.
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Chapter 1
Introduction
We are exposed to far more information than we can process, let alone remember. Although our
intentional efforts to remember often yield success, there of course are times when our internal
memory systems can and do betray us, often through forgetting. Indeed, we can readily think of
times wherein we suffered consequences of various sorts because of forgetting an important date
or deadline. To combat this, we can look to memory supports in our environment (i.e., external to
our internal biological memory systems). People have long done so, with oft-cited examples
including the yupana and quipu of the Inca people thought to aid in the counting and recording of
various data and possibly narratives (Eeckhout, 2012; Urton, 2008). Thus, in addition to engaging
in efforts at internal remembering (e.g., making mental notes, imagining visual images, or
rehearsing information), another way that we may invoke to remember is by enlisting the support
of external memory aids. That is, we can save information externally to available supports in our
environment (e.g., planners, calendars, to-do-lists, journals, and even other trusted people; Finley
et al., 2018)—a form of offloading memory (Gilbert, 2024; Risko & Gilbert, 2016; Risko & Kelly,

2024; Risko et al., 2024).

Integrating external supports is far from a novel approach to remembering, but it is only
recently that we have begun concerted empirical efforts toward better understanding remembering
in this extended context. Memory research has traditionally focused solely on the triumphs and
failures of our internal memory systems. This dissertation extends the unit of analysis beyond the
internal context to include the use of external memory supports (Clark, 2010; Clark & Chalmers,

1998; Hutchins, 2000). The use of such external supports—offloading memory—can take a variety



of forms. For example, we may aim to use the external store more as “replacement” (substitutive
use) or we may still aim to remember internally and hence aim to use the external support more as

“backup” (duplicative use; Risko et al., 2024).

In general, enlisting the support of external memory supports is highly effective, often
yielding performance superior to that of our internal memory alone (Ball et al., 2022; Boldt &
Gilbert, 2019; Fellers et al., 2023; Gilbert, 2015; Gilbert et al., 2023; Grinschgl et al., 2021; Kelly
& Risko, 2019a; 2019b; 2022a; 2022b; submitted; Kelly et al., submitted; Lu et al., 2020; 2022;
Morrison & Richmond, 2020; Murphy, 2023; Park et al., 2022; Peper et al., 2023; Richmond et
al., 2023; Risko & Dunn, 2015; Scarampi & Gilbert, 2021; see also Runge et al., 2019; 2021,
Storm & Stone, 2015; Tsai et al., 2023 for similar benefits of offloading memory). However, how
might our ability to consult external memory supports to aid memory matter for or interact with
internal memory processes? Through the research in this dissertation (and some research not

included), | have begun to explore this and related questions.

As mentioned, the enlisting of external memory support often yields superior performance
compared to remembering internally alone (i.e., unaided), however, much of the current work
traces back to an influential finding by Sparrow et al. (2011) that there can be a cost to expecting
external memory support. Namely, the unexpected loss of such expected external support leads to
significantly poorer memory performance than had one expected no support and instead relied
solely on internal memory. It appears that offloading memory leads to clear costs to unaided
memory performance compared to not offloading memory. Note that in this dissertation, I refer to

this cost using a few different labels (e.g., the cost of external memory store reliance, the cost of



external memory store availability, the cost of expecting external memory support), however, |
intend for them to all refer to the same phenomenon—that when presumably able to expect external
memory support, people tend to remember less internally (i.e., when unaided) compared to people

told not to expect such support (i.e., also unaided).

In my master’s thesis, I developed a novel paradigm to examine this cost of expecting
external memory support (Kelly & Risko, 2019a; 2019a; 2022a). In doing so, | found evidence
that memory phenomena thought to be more dependent on intentional or top-down mnemonic
study efforts (e.g., the primacy effect; Fischler et al., 1970; Tan & Ward, 2008) were more likely
to show this memory cost than memory phenomena thought to be less dependent on such
intentional efforts (the recency effect, the von Restorff or isolation effect; Dunlosky et al., 2000;
Fabiani & Donchin, 1995; Glanzer & Cunitz, 1966; Kelly & Risko, 2019a; 2019b; 2022a; Kohler
& von Restorff, 1995; MacLeod, 2020; Shriffin & Atkinson, 1969; von Restorff, 1933; see also
Lu et al., 2022 and Park et al., 2022). Here, top-down mnemonic study efforts are meant to refer
to intentional efforts that are aimed at supporting internal remembering but are not meant to refer
to any unintentional or incidental processes that might also occur and support internal

remembering.

Taken together, results led to a study effort explanation for the cost of expecting external
memory support. Specifically, when one expects to be able to use an external memory support at
retrieval, this reduces the likelihood of investing intentional efforts toward remembering internally.
This study effort hypothesis draws from two key tenets from research on effort mobilization: (i)

that effort is costly to expend (Kool et al., 2010; see also Inzlicht et al., 2018), and (ii) that effort



is only expended when the costs of doing so are outweighed by the expected payoffs (Shenhav et
al., 2021). In the present context of offloading memory, the expected availability of external
memory supports containing to-be-remembered information allows for payoffs (i.e., retrieval
success) without much required cost in terms of study efforts. A central goal of this dissertation is
to examine the extent to which this study effort hypothesis explains the cost of external memory

store reliance.
The Current Dissertation

Throughout this dissertation, the memory tasks are designed to test unaided memory
performance across two main conditions: a condition in which participants are told that they will
have their external memory stores available (told-store condition) and a condition in which
participants are told that they will not have external stores available (told-no-store condition). The
general procedure contains two main types of memory trials, trust trials and critical trials. The
memory tasks started with three trust trials, in each of which participants were asked to study and
store a list of items (study phase) for a recall memory test (testing phase) that would be aided with
the externally stored items—that is, on these trust trials, aided recall is tested. These trials were to
enhance trust in the external store in the way that we trust and consult our own calendars and

memory aids as needed.

These trust trials were followed by a critical trial (two critical trials for a within-participant
design; Chapter 4; Kelly et al., submitted) that differed from the trust trials in that the recall test
was not aided with the externally stored items—hence, unaided recall was tested. On the critical
trial, one group of participants was given the same instructions as in the trust trials prior to studying

4



and storing such that they could presumably expect an aided recall test as on the trust trials. The
other group was told prior to studying and storing that they would not have their external store
available at test, unlike in the previous trust trials. Critically, neither group actually had access to
their external store. Thus, as mentioned, this paradigm is designed to compare unaided memory
performance between a group expecting external store support (told-store) and a group knowing

not to expect the external store support (told-no-store). Figure 1 demonstrates the general

procedure.
Trust Trial: Trial1 Triap W
Va Trial 3
_b—
items to external *with*the End of
external store store external trial
‘ store

All are told before study that they will have their external store at test, and they do.

Critical Trial: .
>

Trial 4
e —
Start Study + M
oftrial storage of Rl w/o Memory test L
itemsto external *without* End of
external store store the external trial
‘ store

One group is told before study that they will not have their external store at test while the
other group is told that they will have their external store at test; No one gets the store at test.

Figure 1. General procedure implemented in the experiments of this dissertation.

Note: RI stands for retention interval.



The following chapters focused on examining the feasibility of the study effort
hypothesis as a theoretical account for why people demonstrate poorer unaided memory

performance when expecting external memory support.

A direct test of study effort. The dissertation begins with developing a direct investigation
of the study effort hypothesis as an explanation of the cost of expecting external memory support
(Chapter 2; Kelly & Risko, 2022b). Across two preregistered experiments, | presented a direct test
of whether differences (i.e., reductions) in study effort could explain variation in the cost of
expecting support on resulting free recall performance. In these experiments, participants
controlled their own study time (Ariel etal., 2015; Dunlosky & Thiede, 1998) and reported whether
they used any intentional strategies to support remembering (e.g., repeated reading of items,
imagery, sentence generation, grouping items in some meaningful way; based on Dunlosky &
Kane, 2007; Unsworth, Miller, & Robison, 2019; Unsworth, 2016). Hence, indices of study effort
were study time allocation and strategy use (Beaudoin & Desrichard, 2017; Froger et al., 2012;
Mazzoni & Cornoldi, 1993; Metcalfe & Kornell, 2005; Son & Metcalfe, 2000). Here, | found
evidence that study effort partially mediated the cost of expecting external memory support. This

will be a recurring finding throughout the dissertation.

Varying the degree of external support. In Chapter 2, the focus was on comparing the
effects of expecting full support versus no support on memory without the support (unaided). For
full support, if “apple” is encoded at study, “apple” is expected as support at test; for no support,
“apple” is not available externally at test. In Chapter 3 (Kelly & Risko, submitted), | extended the

examination to investigating the effects of varied levels of support by including a partial level of



external support. Here, in a partial-support condition, if “apple” is encoded at study, “AP” or
“APP” was provided at test depending on the partial support condition. To better understand
people’s expectations in response to varying levels of external support, | elicited predictions of
memory performance. This work examined how individual’s expectations about external supports

influenced memory, perceptions of study effort, and predictions of performance.

Across the two preregistered experiments, results indicated that partial levels of external
support (wherein only a portion of each to-be-remembered item is saved) can lead to better recall
compared to internal memory alone and, critically, that the unexpected loss of these partial external
supports led to memory costs like those demonstrated when expecting full support (as in the case
of earlier work and Chapter 2), though smaller than when expecting full support. Unexpectedly,
participants provided with partial support reported levels of study effort no different from those
expecting no support, thus, study effort could not explain the memory cost of expecting partial
support. Predictions of memory performance suggested that people were aware of a cost of losing
an expected external support, although their predictions were not sensitive to the difference
between losing a partially versus a fully supportive store. That said, in general, predictions and
actual performance demonstrated positive correlations regardless of external support condition.
The results of Chapter 3 extended the work of Chapter 2 by adding insights regarding the effects
of expecting varying levels of external support on memory, expected performance, and study
effort. In addition, the results of Chapter 3 support the overall conclusions of Chapter 2—that,
although there is evidence for study effort reduction as an explanation for the cost of expecting

external support, it cannot fully explain this cost. That is, | found a cost of expecting external



support (i.e., partial support) that was not associated with any reported reductions in effort at

encoding.

Investigating recognition memory. The earlier chapters focused exclusively on testing
memory in a recall context. In Chapter 4 (Kelly et al., submitted), | examined whether offloading
memory would also lead to a cost in recognition memory. One key difference between recognition
and recall is that the former provides the to-be-remembered items for endorsement (among foils)
upon testing whereas the latter requires participants to generate the to-be-remembered items on
their own. Borrowing from Craik’s (1983; 1990; 1994; 2022) conclusions that environmental
support can reduce age-related effects on memory, having the additional environmental support at
test in a recognition test could be generally beneficial to memory performance, leading to a smaller
observed cost to memory when expecting the external support available in recognition compared

to recall.

The work of Chapter 4 also extends the work in earlier chapters by examining the influence
of expecting support on recollection versus familiarity (Jacoby, 1991; Yonelinas, 2002) given that
the study effort hypothesis makes a clear prediction that recollection processes ought to be
affected. Less clear from the study effort hypothesis is whether familiarity processes ought to be
affected. One idea is that familiarity is largely a result of unintentional, automatic memory
processes (Jacoby, 1991). From this perspective, the study effort hypothesis would predict little to
no cost of expecting external support on familiarity. The final experiment of Chapter 4 tests
whether study effort can explain any cost to recognition memory, doing so by testing whether

study effort indices mediate the relation between expecting support and recognition performance.



Across five preregistered experiments, there was evidence of a cost to recognition memory
of expecting support. The cost to observed recognition, however, was smaller and more difficult
to reliably detect than the memory cost reported in recall. Along with the previous chapters, this
work continues to support the idea that the (small) cost to recognition memory is partially
explainable by differential study efforts when expecting external memory support. Thus, study
effort appears to be a factor in the resulting cost to unaided recognition memory, although not
fully, thus echoing the findings of Chapters 1 and 2. Chapter 4 also reports evidence that
recollection was affected negatively by external memory support, as predicted by the study effort

hypothesis.

Finally, there were positive correlations between predicted performance and actual
performance regardless of whether external support was expected, and predictions of recognition
performance did not demonstrate a cost of expecting external memory support. Thus, individuals
demonstrated some metacognitive awareness of their performance in a recognition test (regardless
of whether they expect support). Furthermore, individuals also seem aware that the cost of
expecting support on recognition is, indeed, smaller than on recall, when considering the results

of Chapters 3 and 4 together.

As described, the study effort hypothesis is evidenced throughout this dissertation as a
partial explanation for the cost of expecting external memory support. This begs the question of
what other underlying mechanisms could be contributing to the cost of expecting external memory
support. Although the focus of this dissertation is on the feasibility of the study effort hypothesis

specifically, | touch on alternative, non-mutually exclusive mechanisms throughout and in the



General Discussion (Chapter 5). Briefly, these include potential feelings of surprise or alarm from
learning of the unexpected loss of external support which may disrupt mnemonic processes and,
therefore, impair retrieval performance. In addition, the unexpected loss of external memory
support could encourage a reduction to retrieval effort at test, therefore leading to costs in memory
performance. | also present a kind of transfer-appropriate-processing explanation particularly in

the case the cost of losing a partial support in Experiment 3 (Chapter 3).

In summary, the nine experiments of this dissertation provide a systematic examination of
the cost to memory of expecting external memory support through providing varied tests of a
proposed explanation of that cost—the study effort hypothesis. Taken together, the results uphold
the idea that a study effort explanation can explain, in part, the cost to memory when expecting
external support. Additionally, the current experiments clearly indicate that interactions between
internal and external memory sources are complex and, as such, deserving of further scrutiny. The
importance of doing so is highlighted by the omnipresence in the modern world of external
memory supports and the rapid proliferation of their sophistication and availability (e.g., the

internet, large language models).

Note that Chapters 2-4 comprise scholarly works published or submitted to peer-reviewed
journals so these chapters will contain subtle stylistic differences depending on the reporting
format preferred by the relevant peer-reviewed academic outlet. Furthermore, much of the content
across chapters, particularly in the case of the discussion sections (e.g., introduction, general

discussion), will contain similar information. The projects contained in this dissertation were

10



preregistered and have accompanying data, analyses code, and other materials openly available on

the Open Science Framework as indicated throughout.
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Chapter 2
The following work has been published in Cognition (Kelly & Risko, 2022b).
We often incorporate the support of external memory stores (or external memory, e.g., a notebook
or a computer file, anything or anyone that can contain information) to accomplish our goals. These
memory aids allow us to store information that we intend to remember without having to memorize
that information ourselves, letting us skirt the limitations of our internal memory. This behavior
allows us to offload the associated memory demands to the external store (Clark, 2010; Clark &
Chalmers, 1998; Risko & Gilbert, 2016). While this approach to “remembering” has long been
common and helpful, we are only beginning to make concerted efforts towards understanding this

memory strategy at a basic, mechanistic level.

Much work has begun to explore the relation between internal memory and external
supports, the various ways individuals use external memory supports to support internal memory,
and the effects of doing so (e.g., Bulley et al., 2020; Eskritt & Ma, 2014; Finley et al., 2018; Gilbert
et al., 2022; Grinschgl et al., 2021; Henkel. 2014; Kelly & Risko, 2019a, 2019b; Lu et al., 2020,
2021; Marsh & Rajaram, 2019; Meyerhoff et al., 2021; Park et al., 2022; Pereira et al., 2021; Risko
et al., 2019; Risko et al., 2024; Sachdeva & Gilbert, 2020; Scarampi & Gilbert, 2020; Sparrow,
Liu, & Wegner, 2011; Storm & Stone, 2015). Of recent interest is how storing information
externally influences the internal memory for that information (Eskritt & Ma, 2014; Grinschgl et
al., 2021; Kelly & Risko, 2019a, 2019b; Lu et al., 2020, 2021; Park et al., 2022; Sparrow, Liu, &
Wegner, 2011). One consistent finding to emerge from this research is that when individuals can

rely on an external memory store, they demonstrate significantly poorer subsequent unaided recall

12



of the stored information compared to if no external memory store was presumed to be available
(Eskritt & Ma, 2014; Kelly & Risko, 2019a, 2019b; Lu et al., 2020; Sparrow, Liu, & Wegner,
2011). One explanation for this relative cost is that when individuals expect access to an external
memory store, they forgo top-down, controlled efforts at study. For example, in cost/benefit
models of effort allocation (e.g., the Expected Value of Control theory; Shenhav et al., 2021), these
kinds of control demanding strategies (e.g., rehearsal, narrative generation) would be viewed as
inherently costly and deployed only when the payoff (e.g., in increased accuracy) exceeded that
cost (Shenhav et al., 2021). With an external store capable of ensuring (presumably) perfect
accuracy available, the expected value of control (i.e., the payoff due to engaging strategies aimed
at improving memory accuracy) would be correspondingly low. Thus, the anticipation of having
access to an external store effectively acts as a cue to not invest such mnemonic effort. We refer
to this explanation as the study effort hypothesis. In the present investigation, we test this account
directly by examining both study time allocation and self-reported strategy use as a function of the

availability of an external memory store.
The cost of external store reliance

A variety of different memory paradigms have been used to investigate the influence of
relying on an external memory device. Sparrow et al. (2011) examined the influence of saving
information on its subsequent recall during a test wherein the saved information was not available.
Individuals who were told that their saved information had been erased before test demonstrated
significantly better recall than individuals who were given the impression their information was

saved. Similarly, Eskritt and Ma (2014) found that when individuals were given the opportunity
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to use study notes to assist memory for an array of images, they demonstrated poorer unaided

memory for image location than those who were unable to make study notes.

Recent work has focused on explaining the cost of external store availability using the
study effort hypothesis. Kelly and Risko (2019a; 2019b) and Lu et al. (2020) found that the
instructed availability of an external store led to reduced recall for information thought to be more
reliant on top-down, controlled memory efforts at study and no reduced recall for information
thought to be less reliant on such effort. Specifically, while memory for salient information (Kelly
& Risko, 2019b), and the general theme of a list (e.g., when categorized; Lu et al., 2020) appears
preserved when individuals have an external memory store available to rely on, recall is often more
substantially reduced for beginning-of-list than end-of-list information (Kelly & Risko 2019a;
2019b) and for more item-specific verbatim information (Lu et al., 2020). That said, these studies
did not directly attempt to index top-down, controlled efforts made at study. The present work

does so through the examination of study time allocation and self-reported study strategy use.
Study time allocation and strategy use

One means of indexing study effort in the context of a memory task is to measure study
time allocation, that is, the amount of time individuals spend “studying” a to-be-remembered
stimulus when that time is controlled by the individual (i.e., when the task is self-paced; e.g.,
Mazzoni & Cornoldi, 1993; Metcalfe & Kornell, 2005; Son & Metcalfe, 2000). A number of
studies have used study time allocation in this manner. For example, Ariel and colleagues (2015)
examined whether the influence of information value on memory (i.e., memory for high-value
versus low-value information) reflected differences in study time allocation as a function of value.
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They found that high value items received significantly more study and were remembered
significantly better than lower value items. Similarly, Dunlosky and Thiede (1998) manipulated
the probability that a specific study item would be tested later, finding that items very likely to be
tested (i.e., 90% chance) were studied longer and remembered better than items less likely to be
tested (i.e., 50% or 10% chance). Thus, under conditions wherein participants might modulate
their effort and individuals are given control over study time, study time varies in relation to those

putative modulations in effort.

While study time can provide a window into the allocation of study effort, it provides little
in the way of insight into what individuals may be doing (or not doing) during that time. For
example, increased study time might be associated with the use of time intensive (Beaudoin &
Desrichard, 2017; Froger et al., 2012), top-down, controlled memory strategies or mnemonics
aimed at increasing later memory performance (e.g., repeated reading of items, imagery, sentence
generation, grouping items in some meaningful way; based on Dunlosky & Kane, 2007; Unsworth
et al., 2019; Unsworth, 2016). Moreover, study time alone will not distinguish between study
strategies if those study strategies do not differ in the time spent engaging in them (Dunlosky &
Kane, 2007). Previous findings suggest that engaging in effective controlled memory strategies
(e.g., imagery or sentence generation vs. repetition or reading) can effectively increase the
probability of recall success (e.g., Bailey et al., 2008; Bower, 1972; Dunlosky & Kane, 2007;
Richardson, 1998; Rundus, 1971; Unsworth et al., 2019). For example, Unsworth et al. (2019)
found evidence that individual differences in self-reported study strategies predicted recall

performance (see also Dunlosky & Kane, 2007). Just as individuals can differ in their controlled
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study strategies, aspects of the study situation, such as the current manipulation of external
memory store availability, could influence the use of study strategies. Thus, it might be useful to
complement investigations of variation in study time with the concurrent examination of strategy
use. Asking participants to report on whether they used a study strategy and/or to provide a
description of what strategy they employed (if they did so) could provide additional insight into
what individuals were doing at study across conditions. Thus, we examine both study time
allocation and self-reported strategy use here as a function of whether individuals are told during

study that they will be able to use an external memory store at test.
The current investigation

In the present work, we report two preregistered experiments (Experiment la and
Experiment 1b; the second as a replication of the first) wherein the basic procedure of each follows
that of previous work (Kelly & Risko, 2019a), such that participants complete a series of trials
wherein they store to-be-remembered information on which they are subsequently tested in a free
recall test. On the first three trials, participants are instructed that their memory test will be
supported by their externally stored list of study items, and this is, indeed the case. Critically,
however, on the fourth trial, they are not supported by their external store at test. Half of the
participants are given notice of this (instructed-no-store), and half of the participants are not
(instructed-store). Unlike previous studies, participants were given control of their study time,
advancing study items as they saw fit. In addition, participants provided post-task reports of
whether they used a memory strategy at study. The study effort account predicts that participants

who anticipate relying on the external memory store at test (instructed-store condition) should
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allocate less time and be less likely to report the use of a mnemonic strategy than those who are
instructed that they cannot rely on the external memory store at test (instructed-no-store condition).
Furthermore, study time allocation and strategy use should each mediate the effect of instruction
on recall performance (i.e., explain the cost of relying on an external store). We index the former
both in terms of a difference score across Trial 3 (i.e., the last trial wherein participants expect
access to the external store) and Trial 4 (i.e., wherein half the participants expected access to the
external store and the other half did not) and absolute study time allocation on Trial 4. The former
allows us to control for differences in study time allocation across participants (i.e., Trial 3 is

identical for all participants).

Experiments 1la & 1b

Provided that Experiment 1b is a replication of Experiment 1a, they are described together
as such from hereon.
Method

Data was collected online (e.g., without a researcher “present”), as this investigation took
place during the COVID-19 pandemic. Both experiments followed the same procedure unless
otherwise noted. Experiments 1a and 1b were preregistered at osf.io/smk8n and osf.io/84cgk
respectively, however, improvements were made to the analytical procedure in Experiment 1b,
ergo, we follow that preregistered analytical procedure for both experiments. Deviations from this
procedure are clarified (as is the case particularly for Experiment 1a).

Participants
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Data was collected and analyzed from participants (Ela: N = 90, n = 45 per external store
condition; E1b: N = 110, n = 55 per external store condition) recruited on PROLIFIC for GBP 5.00
(~USD 6.40) based on our estimation that the study would take no longer than 40 minutes to
completel. This was based on the N needed to have 80% power (alpha = .05, two-tailed) to detect
a medium-large effect (Ela: d = 0.60; E1b: d = 0.55) of external store instructions (manipulated
between-participants). The countries of residence of participants included Canada, the United
Kingdom, and the United States. The exclusion criteria for participant data in analyses were the
following (preregistered): (1) did not type at least 80% of words for Trials 2-4 during study, (2)
did not reach at least 80% recall rate for the words across Trials 1-3 wherein they had access to
their external store, (3) indicated that they were not paying attention or did not give reasonable
effort during the task (e.g., self-reported that they were actually doing something else during the
study), (4) answered yes to storing any words to aid memory outside of the means offered within
the experiment, and (5) indicated during post-debriefing that they would not like their data to be
used. Excluded participants were to be replaced to preserve the final Ns of each experiment and

no participants from Experiment 1a were recruited in Experiment 1b.
Stimuli

Stimuli were four 20-item word lists (available at osf.io/8s75w) derived randomly from a
stimulus set of 80 items. Word lengths ranged from four to 10 letters and word frequencies ranged

from 26 to 82060 using FreqCount from SUBTLEX-UK (Van Heuven et al., 2014) and from two

L Prolific computes a maximum study time based on the estimated time of completion and for our 40-minute
study, this is 106 minutes. Two participants in E1a and 3 in E1b reached this maximum and thus, were
excluded and replaced.

18



to 21384 using FreqCount from SUBTLEX-US (Brysbaert & New, 2009)2. ltems were presented
randomly within each list and lists were counterbalanced across trial position (i.e., first through

fourth) such that each list appeared in each trial position.
Procedure

The experiments began by directing participants to follow instructions provided on the
screen and to remain attentive to the screen throughout the study. Each of the four trials comprised
three phases: a study phase, a 15-s period without access to their external store (as implemented in
previous work, e.g., Kelly & Risko 2021), and then a test phase. Participants were not told how

many trials they would be partaking in.

Study phase. At the start of each trial, participants were presented visually with the list of
to-be-remembered words onscreen. Words were presented one at a time and participants selected
“next word” whenever they were ready to advance to the next to-be-remembered word and there
were no lower- or upper-time limits set for the self-paced study. A single line text field also
appeared right below the word simultaneously and participants were instructed to type each item
as they saw them into the textbox. Their typed word list appeared and accumulated on the left or
right side of the screen (counterbalanced across participants) during the study phase. After the final
item, a 15-s countdown elapsed wherein participants were without the list visible before moving

on to the test phase.

2 Not including ladybug, recombine, layover, deform, and perspire which were not in the SUBTLEX-UK database
and not including foundation and uncle which were not in the SUBTLEX-US database.
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Test phase. In the test phase, participants were instructed to type the items that were
presented in the study phase into a large text field onscreen with their saved list as a resource
(counterbalanced across participants to appear on the right or left side of the screen). An important
feature of our procedure is that on the first three trials, participants had access to their saved list
during the test phases. This was to help participants establish a sense of trust in the external store
akin to how they might trust their own external stores (e.g., their phones). Critically, participants
do not get their external memory support during the test phase of Trial 4. Half of the participants
were told of this after they completed Trial 3 (instructed-no-store condition); the other half of
participants were not given notice that their external store would not be available during recall

(instructed-store condition).

Post-task questionnaire. The final portion of the study was a short questionnaire wherein
we asked participants about (1) any potential memory strategies they engaged in during the final
trial wherein their list was unavailable (although this procedure differed slightly between
experiments, as described shortly) and (2) whether they expected access to their list on the final

trial.

In Experiment 1a, Question 1 asked, “In performing tasks like the ones we asked you to do
in the current study, individuals sometimes report engaging in strategies they believe might help
them remember the presented words. On the final trial, did you engage in any such strategies during
the study phase (i.e., when you were typing the to-be-remembered words)? Please elaborate on
your strategy or why you did not choose to use one (it is OK if you did not).” Question 1 in

Experiment 1b had the same preamble but contained slightly different wording at the end: “In
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performing tasks like the ones we asked you to do in the current study, individuals sometimes
report engaging in strategies they believe might help them remember the presented words. On the
final trial, did you engage in any such strategies during the study phase (i.e., when typing the to-
be-remembered word list)? It is completely OK if you did not. Please respond only based on the
final trial.” If participants responded “Yes” to this question, they were led to a follow-up free
response question before advancing: “You responded that you did engage in such memory
strategies on the final trial. Please briefly state what you did. Please only comment with respect to
the final trial only.” If participants responded to the initial question with “No”, they advanced

straight to Question 2.

In both experiments, the subsequent question read “Please rate how much you agree with
the following statement: On the final trial, 1 had expected to get access to my list.” Participants
responded by selecting one option from the following scale: “Strongly agree”, “Agree”, “Neither
agree nor disagree”, “Disagree”, “Strongly disagree”, “I prefer not to answer”. At the very end of
the study, participants were asked if they used any written notes, etc. to aid them in the task, as

well as whether there was any reason their data should not be used.

Results

Data from 19 participants in Experiment 1a and 22 participants in Experiment 1b were
excluded and replaced because they did not follow instructions and/or did not meet the
preregistered inclusion criteria. In Experiment 1a, two participants requested that their data not be
used, three participants reported doing something else during their completion of the study, one

participant did not encode at least 80% of items during study across Trials 2—4, and 13 participants
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did not recall at least 80% of items during test across trust trials (Trials 1-3). In Experiment 1b,
two participants reported doing something else during their completion of the study, four
participants did not encode at least 80% of items during study across Trials 2—4, and 16 participants
did not recall at least 80% of items during test across trust trials. In the final samples (Ela: N = 90;
Elb: N = 110), the mean reported age was 35.9 years-old in Experiment la (information
unavailable for two participants) and 38.7 in Experiment 1b (information unavailable for one
participant), with 53 participants identifying as female and 36 as male in Experiment la
(information unavailable for one participant), and with 65 identifying as female and 44 as male in

Experiment 1b.

Across all participants and lists, there were 28 instances in Experiment 1a and 55 in
Experiment 1b (< 1% of trials in both experiments) wherein participants failed to correctly type an
item into their store and these trials were removed before analysis. Across all trials of each
participant in each experiment, there were 109 instances in Experiment 1a (1.49% of total trials)
and 111 in Experiment 1b (1.25% of total trials) wherein participants recalled an item not on their
list. In Experiment 1a, 38% of these instances involved participants recalling items from other lists
within the study and this rate was 47% in Experiment 1b. The mean proportion of items recalled
during the initial trials wherein participants had access to the external store ranged from 96.9% to
98.4% in Experiment 1a and 97.5% to 97.9% in Experiment 1b, thus performance was near ceiling,

as to be expected when participants are, indeed, making use of their external memory stores.

For the free-response strategy question (applicable to all participants in Experiment 1a but

only applicable to participants responding that they used a strategy in Experiment 1b), two naive
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coders independently coded responses based on categories of strategies adapted from Unsworth et
al. (2019) and Dunlosky and Kane (2007; see Table 1 for adapted categories). Note that while the
plan was to follow exactly the outlined categories of Dunlosky and Kane (2007) and Unsworth et
al. (2019), the responses of participants warranted some minor alterations to the original six
categories. Initial agreement for responses in Experiment 1a was 69% and was 67% in Experiment
1b. Any disagreements between coders were reconciled by having them reach agreement on the

classifications without researcher involvement.

As preregistered (and again, for both experiments, we are reporting results based on the
preregistered analyses for Experiment 1b, noting deviations), we report mixed effects models
(wherein continuous variables are standardized), as well as ANOVAs and t-tests over participant
means to provide an assessment of the statistical claims across different statistical approaches (see
Steegen et al., 2016). Note that the analyses often yield the same statistical conclusions, and that,
more importantly, the same qualitative conclusions can be drawn. If applicable in the reported
mixed effects models, by-participant and by-item slopes and intercepts are included whenever
model fit is improved significantly by their inclusion (i.e., we deviate from the preregistration
which did not mention using a model-fitting approach) unless convergence issues were
encountered. In preregistering these analyses, we specified the use of by-participant random effects
for external store condition which was manipulated between-participants, ergo we deviate from
this preregistered specification by forgoing the inclusion of by-participant slopes varying for the
external store factor (e.g., Brown, 2021). The model fitting approach was done using the stats

package in R (R Core Team, 2020). The mixed models used dummy coding for categorical
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variables and were conducted using the Ime4 package in R (Bates et al., 2015). For mixed linear
models (e.g., as used for study time data), the package ImerTest (Kuznetsova et al., 2017) was used
to extract p values. While their utility is debated, we have included them here for ease of reading

and consistency.

For the analyses involving the dependent variable of study time, outliers (3.6% of all
observations in Experiment 1a and 3.7% of all observations in Experiment 1b) were defined using
a non-recursive procedure within-participant for each block wherein any trials producing z-scores
beyond a criterion based on sample size were removed (Van Selst & Jolicoeur, 1994). Thus, for
analyses including the study time dependent variable, trimmed data (i.e., without outliers) were
reported in addition to untrimmed data (i.e., not excluding outliers) [with the latter presented in
square parentheses]. The random effects structures of the mixed effects models of untrimmed
analyses follow that of the trimmed analyses unless convergence issues arose. Data and analyses

codes for both experiments are available at osf.io/8s75w/.
The effect of external store availability

Recall. In both experiments, mixed effects logistic regression with external store condition
as a predictor of final trial (Trial 4) recall performance (with by-participant and by-item intercepts
as random effects) found that those in the told-store condition were significantly less likely to
accurately recall items (Ela: told-store: .24; told-no-store: .47, b =-1.31, SE =0.25,z=-5.34, p
< 001; Elb: told-store: .26; told-no-store: .42, b = -1.04, SE = 0.26, z = —4.00, p < 001). An
analogous analysis using Welch’s independent samples t-test found qualitatively similar results in
(Ela: t(88.00) = 5.23, p < .001, d = 1.10; Elb: t(107.77) = 3.63 p < .001, d = 0.69). Figure 2
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presents the mean proportion of study items recalled as a function of external store condition for

both trial types (trust and critical) in both Experiments 1a and 1b.
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Figure 2. Experiments 1la and 1b: Mean proportion of study items recalled by external store

condition, trial type, and experiment.

Note. Error bars are bias corrected accelerated bootstrap 95% confidence intervals using 10,000
replications.

Study time. Mixed effects linear regression with external store condition (told-store vs.
told-no-store) and trial (Trial 3 vs. Trial 4) as fixed effects on study time was conducted.® This
analysis revealed a significant interaction between external store condition and trial such that the

difference in study time between Trial 3 and Trial 4 was larger for the told-no-store condition

% In Experiment 1a, the analysis of study time was not preregistered to include trial as a fixed effect and
instead, only specified examining the effect of external store condition on Trial 4 recall, thus we deviate
from this specification in following the preregistration for Experiment 1b.
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(Ela: told-store: -11 ms, told-no-store: 760 ms, b = -0.29, SE = 0.11, t = -2.77, p = .007, [told-
store: -30 ms, told-no-store: 947 ms, b = -0.29, SE = 0.09, t = -3.29, p = .001]; E1b: told-store: -
108 ms, told-no-store: 527 ms, b = -0.28, SE = 0.09, t = -3.12, p = .002, [told-store: 63 ms, told-
no-store: 697 ms, b = -0.16, SE = 0.08, t =-2.08, p = .040]). Simple effects tests revealed that the
difference in study time between Trials 3 and 4 was not significant in the told-store condition (Ela:
b =-0.01, SE=0.05,t=0.10, p =.919 [b =-0.01, SE = 0.04, t =-0.23, p = .823]; E1b: b = -0.06,
SE =0.03,t=-1.70, p =.089, [b =0.02, SE = 0.04, t = 0.50, p = .617]) but was significant in the
told-no-store condition (Ela: b =0.30, SE =0.09, t =3.30, p =.002, [b = 0.30, SE =0.08, t = 3.74,
p <.001]; E1lb: b =0.20, SE = 0.07, t = 2.86, p = .006, [b = 0.15, SE = 0.06, t = 2.43, p = .019]).
The same interaction was found when using mixed analysis of variance (Ela: F(1, 88) = 8.15, p
=005, 162 = .01, [F(1, 88) = 11.16, p = .001, ne? = .02]; E1b: F(1, 108) = 10.62, p = .001, 162 =
.01 [F(1, 108) = 4.24, p = .042, nc? =.01]). Analogous paired-samples t-test analyses also found
no significant difference in study time in the told-store condition (Ela: t(44) = 0.09, p=.932,d =
0.01, [t(44) = 0.21, p = .838, d = 0.03] ; E1b: t(54) = 1.58, p = .119, d = 0.21, [t(54) = 0.57, p =
571, d = 0.08]) and a significant difference in the told-no-store condition (Ela: t(44) =3.31, p =
002, d = 0.49, [t(44) = 3.73, p = .001, d = 0.56]; E1b: t(54) = 2.89, p = .006, d = 0.39, [t(54) =

2.42,p=.019, d = 0.33]).

Using mixed effects linear regression with by-participant and by-item random intercepts,
we examined the fixed effect of external store condition on study time on Trial 4 (these analyses
were not preregistered). Those in the told-store condition did not allocate significantly less study

time (Ela: told-store: 3738 ms, told-no-store: 4317 ms, b =-0.21, SE = 0.15, t = -1.36, p = .178

26



[told-store: 3968 ms, told-no-store: 4675 ms, b =-0.19, SE = 0.12, t =-1.59, p = .115]; Elb: told-
store: 3616 ms, told-no-store: 4115 ms, b =-0.21, SE = 0.12, t = -1.79, p = .076 [told-store: 4000
ms, told-no-store: 4632 ms, b = -0.14, SE = 0.08, t = 1.71, p = .091]), although the results are in
the predicted direction. Figure 3 presents the mean study time per item as a function of external

store condition for both trial types (trust and critical) in both Experiments 1a and 1b.
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Figure 3. Experiments 1a and 1b: Mean study time per study item by external store condition, trial

type, and experiment.

Note. Error bars are bias corrected accelerated bootstrap 95% confidence intervals using 10,000
replications.

Self-reported strategy—yes/no. A chi-square test found that those in the told-store
condition were significantly less likely to report using a memory strategy on Trial 4 (Ela: told-

store: .40, told-no-store: .82, (1) = 15.15, p < .001; E1lb: told-store: .27, told-no-store: .53, ¥2(1)
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= 6.40, p = .011). See Table 1 for a percentage breakdown of reported strategy type by external

store condition and experiment.

Self-reported strategy—free response. In each experiment, we compared the self-
reported strategies by external store condition for participants specifically indicating clear use of
a strategy using a chi-square test of independence (i.e., excluding those who reported no strategy
use).* There was no significant difference in types of strategy by external store condition (Ela:

7v2(5) = 4.88 p = .431; E1b: 42(5) = 7.29, p = .200).

4 In Experiment 1a, all participants were presented with a free response field to respond with whether they
used a strategy or not during final trial (Trial 4) recall, and to describe their strategy—thus all responses in
Experiment 1a were qualitative and coded. We streamlined this procedure in Experiment 1b by having
participants first respond with either yes or no options to using a strategy during final trial recall and only if
participant responded yes were they given opportunity to describe their strategy. Thus, only data from
participants responding yes to using a strategy were qualitative and coded in Experiment 1b.
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Table 1. Experiments 1a and 1b: Percentage of self-reported strategy (or no strategy) by external

store condition and experiment.

Experiment 1a Experiment 1b
Told-no-  Told-store Told-no-  Told-store
store store

1: Read/Type each word 6.7% 4.4% 3.6% 0%
2: Repeated word often or 4.4% 6.7% 0% 1.8%
as much as possible
3: Sentence/story 28.9% 6.7% 18.2% 16.4%
generation, including to
link multiple words
4. Mental imagery/visuals 4.4% 0% 5.5% 0%
of words
5: Group/cluster words in 20.0% 8.9% 16.4% 3.6%
some way
6: Other (e.g., unlisted 17.8% 13.3% 9.0% 5.5%
strategy and/or multiple
strategies)
Total proportion reporting 82.2% 40% 52.7% 27.3%
(clear) strategy
0: No (clear) strategy 17.8% 60.0% 47.3% 72.7%

reported
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Mediation analyses

As outlined in our preregistration, we conducted three sets of mediation analyses testing
whether the relation between external store condition and Trial 4 recall performance was mediated
by (1) Change in study time from Trial 3 to Trial 4, (2) Trial 4 study time, and (3) Self-reported
strategy use. We used the mediation package in R (Tingley et al., 2014) which, through the use of
non-parametric bootstrapping procedures, provides estimates of the indirect effect, its 95%
confidence intervals, and the significance. We follow the same convention as before in reporting
the analyses involving study time or change in study time, with outliers removed [and without

outliers removed]. Mediation model figures depict the results with outliers removed.

Change in
study time
Ela: -0.58** Ela: 0.36***
Elb: -0.60** Elb: 0.30**
External store Trial 4 recall
condition Ela: -0.97%%* (-0.76%**) performance

Elb: -0.66*** (-0.48**)

Figure 4. Experiments 1a and 1b: Change in study time as a mediator on the relation between
external store condition and Trial 4 recall performance.

Note. Standardized regression coefficients for the relation between external store condition and
Trial 4 recall performance as mediated by change in study time for each experiment. The
standardized regression coefficient between external store condition and Trial 4 recall performance
controlling for change in study time is in parentheses (outlier data of study time not included).

*p < .05, ** p < .01, *** p < .001.
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As depicted in Figure 4, change in study time (Trial 4 — Trial 3) significantly mediated the
relation between external store condition and Trial 4 recall performance. The total effect of
external store condition on Trial 4 recall performance was significant (Ela: b =-0.97, SE = 0.19,
t=-5.23,p<.001, [b=-0.97, SE=0.19, t = -5.23, p <.001]; E1b: b =-0.66, SE = 0.18, t = -3.63,
p <.001, [b=-0.67,SE =0.18,t=-3.70, p <.001]). This total effect is the same for all mediations
reported, therefore, we do not report the result in full again in the mediation analyses to follow.
The indirect effect was significant (Ela: -0.21, p = .004 [-0.26, p < .001]; E1b: -0.18, p = .002 [-
0.10, p =.032]). The direct effect was also significant (Ela: -0.76, p < .001 [-0.71, p <.001]; Elb:
-0.48, p = .006 [-0.56, p = .004]), demonstrating that change in study time did not fully mediate
the effect of external store. The proportion of the effect of external store condition on recall
performance mediated by change in study time was 0.21 [0.27] in Experiment 1a and 0.27 [0.16]

in Experiment 1b.

Trial 4
Ela: -0.29 (p = .169) study time Ela: 0.30**
Elb: -0.34 (p =.075) Elb: 0.37***
External store > Trial 4 recall
condition performance
Ela: -0.97*** (-0.88***)

Elb: -0.66*** (-0.53**)

Figure 5. Experiments 1a and 1b: Trial 4 study time as a mediator on the relation between

external store condition and Trial 4 recall performance.

Note. Standardized regression coefficients for the relation between external store condition and
Trial 4 recall performance as mediated by Trial 4 study time for each experiment. The standardized
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regression coefficient between external store condition and Trial 4 recall performance controlling
for Trial 4 study time is in parentheses (outlier data of study time not included).

*p < .05, ** p < .01, *** p < .001.

As depicted in Figure 5, in testing study time as a mediator through the effect of external
store condition on Trial 4 recall, the indirect effect was not significant despite being in the
predicted direction (Ela: -0.09, p =.210 [-0.13, p = .110]; E1b: -0.12, p = .056, [-0.12, p = .080]).
Provided the total effect (Ela: -0.97; E1b: -0.66) reported earlier, the direct effect was significant

(Ela: -0.88, p < .001 [-0.84, p < .001]; E1b: -0.53, p = .006 [-0.55, p = .002]).

Strategy use
Ela: -0.42*** Ela: 1.02***
Elb: -0.25** Elb: 0.90***
External store Trial 4 recall
condition performance
Ela: -0.97*** (-0.54**)

E1b: -0.66%** (-0.43%)

Figure 6. Experiments 1a and 1b: Strategy use as a mediator on the relation between external

store condition and Trial 4 recall performance.
Note. Standardized regression coefficients for the relation between external store condition and
Trial 4 recall performance as mediated by self-reported strategy use for each experiment. The

standardized regression coefficient between external store condition and Trial 4 recall performance
controlling for strategy use is in parentheses (outlier data of study time not included).

*p <.05, ** p < .01, *** p < .001.

Finally, as depicted in Figure 6, the effect of strategy use mediated the relation between

external store condition and Trial 4 recall performance. The indirect effect was significant (Ela: -
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0.43, p <.001; Elb: -0.23, p = .006). The direct effect was also significant (Ela: -0.54, p = .006;
Elb: -0.43, p =.010). The proportion of the effect of external store condition on recall mediated
by strategy was .45 in Experiment 1a and .35 in Experiment 1b.

Exploratory

The following analyses were not preregistered.

Correlational analyses. We conducted three exploratory Pearson correlational analyses to
investigate the relation between change in study time, Trial 4 study time, and reported strategy
use. In both experiments, as expected, Trial 4 study time correlated significantly with change in
study time (Ela: r = .56, t(88) = 6.28), p <.001, [r = .55, t(88) = 6.17), p < .001]; Elb: r = .47,
t(108) = 5.52, p < .001 [r = .59, t(108) = 7.50, p < .001]). Trial 4 study time did not correlate
significantly with reported strategy in Experiment 1a, but did in Experiment 1b when excluding
outliers (Ela: r=.19, t(88) = 1.82, p=.072; E1b: r =.21, t(108) = 2.28, p = .024). When including
outliers, the correlation was significant in Experiment 1a and not in Experiment 1b (Ela: r = .25,
t(88) =2.39, p=.019, E1b: r =.18, t(108) = 1.89, p =.062) but results were qualitatively consistent
with those when excluding outliers. Change in study time correlated significantly with reported
strategy Experiment 1a but not in Experiment 1b (Ela: r = .21, t(88) = 2.00, p = .048 [r = .22,

£(88) = 2.09, p = .039]; E1b: r = .17, t(108) = 1.80, p = .074 [r = .07, t(108) = 0.73, p = .468]).

General Discussion

Memory for to-be-remembered information is often worse if, at study, we anticipate the
support of an external memory store. The present work provided a direct test of the study effort

hypothesis of this cost (Kelly & Risko 2019a; 2019b; Lu et al., 2020; Park et al. 2021) by
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examining study time allocation and self-reports of study strategies. Not surprisingly, there was a
significant effect of external store condition on memory performance, like that found in related
studies (Eskritt & Ma, 2014; Kelly & Risko 2019a; 2019b; Lu et al., 2020; Park et al. 2021;
Sparrow et al., 2011). Novel to the present effort, we also found direct evidence for the study effort
hypothesis, such that when individuals are provided the impression that they can rely on an external
memory support for future memory testing, there is less effort devoted to studying the stored
information. That is, when individuals thought that they could rely on an external store they
allocated less study time per item and were less likely to report using a memory strategy to aid
recall. Across both investigations, we also examined the extent to which these effects mediated the
relation between external store condition and Trial 4 recall performance. There was clear evidence
that change in study time from Trial 3 to Trial 4 (between which individuals found out whether
they could continue to rely on their external store), and self-reported strategy use partially mediated
the relation between external store condition and recall performance. This was not the case with
Trial 4 absolute study time as a mediator, but the estimate was in the predicted direction. In general,
these results are consistent with the study effort hypothesis of the cost associated with relying on

an external memory store.

While the mediation analyses across both experiments revealed that study time allocation
and strategy mediated the effect of external store condition on free recall performance, this effect
was clearly only partial. Indeed, a sizable portion of the effect appears to not be due to these
mediators alone. This implies two non-mutually exclusive possibilities: the current indices did not

fully capture effort devoted to encoding and/or the cost of external memory store reliance is caused
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by more than just this withdrawal of study effort. With respect to the former possibility, the current
measures of effort during study are (of course) imperfect. For example, in the present experiments,
participants were always expected to type out the study items to have them stored in the external
memory store. This requirement could obscure the relation between study effort and recall
performance as it imposes a minimal time allocated at study when it is plausible that individuals
would allocate even less time without such a requirement. From this perspective, the present work
may be a conservative test of the influence of external store reliance on study effort and subsequent
memory performance. In addition, self-reported strategy use is limited to strategies for which
individuals can report and remember deploying and may be subject to demand effects (i.e.,
participants reporting engaging in a strategy that they did not). Given that the strategy question
came after recall, individual’s recall performance may well have impacted their strategy reports.
It is also worth considering whether participants understand what is meant by “strategies”. We
opted to avoid feeding participants ideas and found that their responses were still easily coded into
the strategy types adapted from previous work (Dunlosky & Kane, 2007; Unsworth et al., 2019).
Moreover, those who reported strategy use tended to perform better. Taken together, it appears
participants understood the strategy prompt. Future research employing different measures of
effort during study (e.g., psychophysiological measures such as pupil dilation; Papesh et al., 2012;
van der Wel & Steenbergen, 2018) would be valuable to further examine the study effort

hypothesis.

Beyond limitations in measuring effort at study, the partial mediations might also indicate

that the cost of external store reliance cannot be explained fully by the withdrawal of such effort.
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Thus, the cost might be multiply determined. This raises exciting new questions about additional
potential contributions to the cost of expecting access to an external store. While the current
investigation examined a study-based mechanism, the cost of external store reliance may also be
driven by processes at retrieval. For example, the memory cost could partly result from feelings of
surprise or alarm once individuals realize that the external store is not available when they expected
it to be. This momentary experience of surprise or alarm (e.g., similar to realizing you lost a note
containing important information) may be enough to compromise one’s ability to recover the
studied information. For example, Wessel and colleagues (2016) found that accuracy on a working
memory task was significantly reduced when the task followed a surprising tone compared to a
standard tone. They suggested that this might reflect inhibitory mechanisms engaged by surprise.
Relatedly, the concomitant worry about one’s performance could also, itself, interfere with
performance. Task-unrelated processes, such as worries or anxiety about performance, could
occupy working memory, impairing memory performance (e.g., Eysenck et al., 2007; Moran,
2016). Thus, the present investigation both confirms an effort-based contribution while also

opening the door to the future examination of contributions heretofore not considered.

Finally, we would be remiss if we did not address the possibility that the scenario that we
constructed in the current empirical work using list memory does not translate perfectly to how
individuals use external memory stores in their day-to-day lives. This limitation of the current
work could pose some difficulty in interpreting the current findings in the context of our day to
day lives. That said, we believe the paradigm used captures key features about how stores are used

in the “real world”. For example, many of us regularly trust and rely on various external stores to
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complete our memory goals. Our trust trials are intended to capture this aspect of regularly using
external devices. Many of us also know the feeling of being unable to retrieve some key
information kept on those stores in the face of misplacing them. Thus, although we are constructing
a lost-phone scenario in the laboratory, we believe the findings from implementing this paradigm
could provide deeper understanding of the mechanisms involved (or not) when relying on external

memory supports.

Previous related work has proposed that the reliable cost of external memory store reliance
is driven by a reduced intentional engagement in remembering strategies at study—the study effort
hypothesis. To date, this hypothesis has acted as little more than an inference and thus, in the
current investigation, we sought to directly test it. We have found evidence not only confirms this
hypothesis as an explanation for the robust memory cost under offloading conditions, but also

evidence that suggests it explains a modest portion of this memory cost.
Conclusion

The current work provides further insights into the mechanism underlying the memory cost
associated with external store reliance. The present work has made two important theoretical
contributions (1) it has provided the first direct evidence for the study effort hypothesis of the cost
of external store reliance and (2) it has provided the first evidence consistent with the idea that the
cost of external store reliance may be caused by factors other than variations in study effort (or
that the measures of study effort used here fail to capture it completely). The latter discovery opens
the door to the consideration of novel contributions to the cost of external store reliance and to a
deeper understanding of the costs and benefits of external memory stores.

37



Chapter 3
The following work is under review (Kelly & Risko, submitted).
Remembering occurs under various levels of environmental support—or the degree to which
external stimuli and context at retrieval share features of those at encoding. To the extent that
environmental support is not available, people must rely on “self-initiated processing” (Craik,
1994, p. 156). For example, retrieval in a free recall task is thought to involve less environmental
support and, hence, more self-initiated processing than in a recognition test (Craik, 1983; 1990;
1994; 2022; Craik & Bialystok, 2006; Lindenberger & Mayer, 2014; Luo & Craik, 2008). Craik
and colleagues use the notion of environmental support to help explain and mitigate deficits in
memory associated with healthy aging, but more generally environmental support also plays a
central role in navigating the memory demands of our day-to-day lives. In the present
investigation, we examine how people’s expectations about environmental support influence their

memorial behavior.

A common form of environmental support can be found in the use of artifacts as external
memory stores (e.g., notepad, computer file) to support remembering—or offloading (Risko &
Gilbert, 2016; Risko et al., 2024; Risko & Kelly, 2024). For example, if one wants to remember a
list of grocery items to be purchased, they may record the needed items externally in their phone
and review the list once at the grocery store. In this context, researchers have recently begun to
examine how the expectation of such environmental support can influence the monitoring and

control of memory (e.g., Eskritt & Ma, 2014; Gilbert et al., 2022; Kelly & Risko 2019a; 2019b;
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2022a; Lu et al., 2020; 2022; Park et al., 2022; Pereira et al., 2022; Risko et al., 2019; Risko et al.,

2024; Risko & Kelly, 2024; Sparrow et al., 2011; Storm et al., 2022; Storm & Stone, 2015).

Exploring this empirically has typically involved tasking participants with studying to-be-
remembered items for a future memory test and telling one group that they will be given access to
a memory aid (e.g., a list of the to-be-remembered items) at test and leaving another group to
(expect to) rely on their unaided internal memory. The store has typically contained a verbatim list
of the to-be-remembered items. Thus, in the aided condition, participants can expect to be, in a
sense, completely supported at retrieval (i.e., with a full list of the to-be-remembered items). In
contrast, those in the unaided condition expect no such support (i.e., they can rely only on their
own internal, self-initiated cues). The differences observed across these conditions provide some
insight into how individuals modulate their memorial behavior based on the environmental support

that they can expect to aid future retrieval, and the consequences of such modulations.
The influence of external memory supports on internal memory performance

There are two consistent findings in the literature on the influence of external memory
stores on memory performance. First, as expected, when individuals have access to an external
store with a list of the to-be-remembered verbatim items, recall performance is typically nearly
perfect (Kelly & Risko 2019a; 2019b; 2022a; Lu et al., 2020; 2021; Park et al., 2022; Risko &
Dunn, 2015). Second, and more interestingly, there is a reliable cost to unaided memory
performance when individuals expect to have this kind of support at test compared to when there
IS no such expectation (Eskritt & Ma, 2014; Kelly & Risko, 2019a; 2019b; 2022a; Lu et al., 2020;
2022; Park et al., 2022; Sparrow et al., 2011). According to the study effort hypothesis (e.g., Kelly
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& Risko, 2022b), this cost arises because individuals are less likely to invest study effort when
they expect to be able to “remember” the information by relying on information externally
available at retrieval (i.e., their list of words). That is, individuals consider the contribution of the
expected environmental support in their anticipated retrieval success and this consideration guides

their effort at study.

This kind of behavior can be understood in terms of models of study time allocation (e.g.,
Ackerman, 2014; Dunlosky & Thiede, 1998; Metcalfe & Kornell, 2005; Undorf & Ackerman,
2017) wherein individuals invest study time until monitoring processes indicate that a given level
of performance will be achieved. From this perspective, if expecting a high level of environmental
support, a high level of performance can also be expected without much in the way of study effort.
In a similar vein, according to (a modest extension of) the Expected Value of Control model of
effort investment (e.g., Shenhav et al., 2013; Shenhav et al., 2021), deploying control processes
during study (e.g., intentional mnemonic strategies) should be considered costly and only done

when the expected payoff (e.g., high memory performance) exceeds those costs.

When complete environmental support is expected to be available, this should lower the
value associated with expending effort to store that information internally because the same or
similar payoff (high memory performance) can be achieved without effort. Consistent with these
ideas, individuals tend to allocate less study time and are less likely to use intentional mnemonic
strategies (e.g., repetition, imagery) when instructed that they will be fully supported at test (i.e.,
with the to-be-remembered items) compared to individuals instructed that there will be no such

memory support (Kelly & Risko, 2022b).
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A comparison of two extremes

Although research on the use of external memory stores suggests that the anticipation of
environmental support can lead to the modulation of study effort and consequences for memory
performance, much of this research has focused on what can be considered the extreme ends of the
environmental support continuum (although see Richmond et al., 2023 for a relevant exception).
That is, in one condition the full, exact, version of the to-be-remembered information is provided
whereas in the other condition no support is provided. While some work has used choice-
offloading paradigms or limited capacity stores (e.g., Burnett & Richmond, 2023; Burnett &
Richmond, 2024; Richmond & Morrison, 2020; Risko & Dunn, 2015; Murphy, 2023), individuals

can opt to store study items in full or at least fully intact at the item-level.

In contrast to this prior work, we extend this research to contexts wherein the
environmental support is incomplete—that is, it is only partially representative of the original to-
be-remembered information at the item-level. There are at least two important motivations for an
extension to scenarios of partial storage. First, incomplete or partial environmental support is akin
to many of the support we may find ourselves dealing with day-to-day. For example, we may
implement creative shorthand or highlight a sentence in a book to use later, but upon later review,
the meaning of the shorthand or the purpose of the highlighted sentence can escape us. Second,
moving from having no environmental support to having complete environmental support can be
viewed as crossing a kind of categorical boundary (Hsee & Zhang, 2010) and, as such, might
translate into an easier metacognitive task. That is, the monitoring and control of study behavior

when one can expect either full or no environmental support might be more straightforward than
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modulating behavior in anticipation of more intermediate, partial levels of support (Hsee & Zhang,
2010). Whether individuals can modulate study effort beyond these “all” or “none” modes remains

largely unexplored from the perspective of metacognitive control.
Present investigation

Our goal is to test the influence of anticipated environmental support on study effort,
metacognitive judgments, and memory performance. We do so in both the presence and absence
of the expected environmental support. Here, environmental support takes the form of a list of
items available at test. We manipulated the degree of support between-participants by varying the
degree to which the list items at test match the original study items. We included conditions
involving full support (i.e., the list of study items themselves) and no support (i.e., no list), as used
in previous work, as well as novel partial support conditions wherein participants received the first
portion of each study item (“word stems” that were either two or three letters long, Partial-2 and

Partial-3 support conditions, respectively).

In the current procedure, participants completed multiple trials each containing a study
phase and a test phase. During study phases, participants were presented with to-be-remembered
items that they typed out; in the test phases, they were instructed to recall as many of the study
phase words as possible. We randomly assigned participants to support condition. In the full-
support condition, the items that were made available at test were the ones they were to recall (e.g.,
if “apple” was encoded at study, “apple” was provided at test). As described above, in the partial-
support conditions, the items that were available at test were word stems of the ones they were to
recall (e.g., if “apple” was encoded at study, “ap” or “app" was provided at test depending on
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whether participants were in the Partial-2 or Partial-3 support condition). In the no-support
condition, no stored information was available at test to aid recall. Participants first completed a
Practice Trial wherein they were told that they would get their support at test (except for those in
the no-support condition) and this was, indeed, the case (i.e., the test on the practice trial was
aided). After the practice trial, there were the two critical trials: the Aided Trial and the Unaided

Trial.
Aided Trial

As on the Practice Trial, participants were told that they would get support at test (except
if they were in the no-support condition) on the Aided Trial and they did; thus, the memory test on
this trial was aided. Prior to the memory test, participants made a global prediction about their
likely memory performance after completing the study phase. We also measured study effort with

three indices: allocated study time, a global effort rating, and a self-report of strategy use.

Based on the amount of environmental support at test, we expected that those in the full
support condition would have higher recall than those in the partial and no-support conditions, and
that those in the partial support conditions would have higher recall than those in the no-support
condition. We were less clear on how the support conditions would differ across the metacognitive
predictions and study effort. To the extent that participants (i) are metacognitively aware of how
degree of support influences future remembering and (ii) use this information to control study
effort, we would expect similar patterns in their global memory predictions (i.e., Full > Partial >
No-support) and in study effort indices: allocated study time (i.e., No-support > Partial > Full),
global effort rating (i.e., No-support > Partial > Full), and reported use of a strategy (i.e., No-
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support > Partial > Full). That is, if participants believe that retrieval will be more difficult as
environmental support decreases, then efforts at study should increase. In principle, if study effort
were allocated sufficiently to counteract differences in retrieval difficulty, then we might even

expect equivalent levels of memory performance as a function of environmental support.
Unaided Trial

The second trial type of interest is the Unaided Trial. Here, participants were still told that
they would get their support at test (again, except if they were in the no-support condition) but on
the unaided trial this was not the case. Thus, participants engaged in study under the expectation
of receiving the same type of support that they had received up to that point in the study and that,
instead, no support was provided at test regardless of support condition. Provided that we intended
to violate the expectations of participants on the Unaided Trial, the Unaided Trial always occurred
after the first two trials (which were aided). Critically, we collected global predictions about
unaided memory success by asking for predictions after individuals expecting support found out
that there would be no such support (after completing the study phase, prior to testing). As noted
earlier, previous work has found that when individuals expect full support to be available at
retrieval, but are not provided any support, their recall performance suffers relative to when there
is no such expectation (Kelly & Risko 2019a; 2019b; 2022a; 2022b; Lu et al. 2020; 2022; Park et

al., 2022; Sparrow et al., 2011).

To the extent that participants modulate their study effort as a function of expected support
(i.e., external support condition) and, critically, to the extent that their study effort is effective (e.g.,
not in vain), we would expect poorer unaided memory performance in the full support than the no
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support condition when tested without external support, as found previously. More novel, we
would expect memory performance in the partial support conditions to fall between the full and
no support conditions and that predictions of memory performance would follow this qualitative
pattern. For the above outlined predictions to be correct, participants’ metacognitions must be
accurate and translated into control (i.e., study effort), and this control must be effective. That said,
inferring the influences of partial support on memory performance might be difficult for
individuals (i.e., 3/5 vs. 2/5 letters available). Critically, understanding where any such
breakdowns occur will provide novel insights into potential limitations in the monitoring and

control of memory.

Experiment 2
Method
The preregistration as well as the data and analyses code for Experiment 2 are available

respectively at osf.io/fpdsn and osf.io/9gxmc.°
Participants

Participants were 180 (102 females, 72 males, 1 prefer not to say, 5 unavailable; Mage =
37.70 years, SDage = 12.48 years) individuals from PROLIFIC divided equally over the four
groups, and were paid £3.75 for their participation (~20 minutes). This sample size was based on

powering for a balanced one-way ANOVA with four between-participants groups, considering a

5 Note that prior to Experiment 2 of the current work, two preregistered studies were conducted but ultimately
excluded due to flaws in experimental design (e.g., ineffective data quality checks) as we were learning on the fly
about out how to transition to online data collection due to the onset of COVID-19.
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power of .80 to detect a medium effect size of f = .25 (two-tailed, alpha = .05) using ANOVA_exact
(Lakens & Caldwell, 2021). Participants were replaced if one or more of the following
preregistered criteria applied: (1) They indicated that they did not want their data to be included;
(2) they indicated that they were not paying attention; (3) they indicated that they used an external
store other than that provided by the experimental program; (4) they did not type the full study
item out 75% of the time across Trials 2 and 3 (this is a liberal exclusion criterion considering that
they are asked to type out all items); and (5) they demonstrated lower than 75% recall on a post-
task aided trial (wherein participants were given the full store at test regardless of support

condition, thus recall should have been near perfect).
Stimuli

To construct three lists of 20 words, 60 words were drawn randomly from the stem
completion stimuli set of Jacoby (1998; outdated or potentially inappropriate terms were replaced).
Words were 5 letters in length and 11 to 32670 in frequency (via FREQcount; Brysbaert & New,
2009).% Each list appeared in each trial position roughly equivalently across participants. Given
the constraints of the item set, there were a total of four instances wherein an item within the word
set shared a 2-letter word stem with another item (ar---, tr---, mo---, sw---), but these were split
across lists so that item stems within lists were always unique. All 3-letter word stems were unique

within and between lists.

6 Note that four of the study items (i.e., eagle, forge, frost, tally) did not appear in the data base, thus, frequencies
were not available.
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Procedure

Once consent and instruction procedures were completed, the first trial began (this trial
was treated as practice). Participants completed the practice trial, then the Aided trial, and then the
Unaided Trial. Within each trial, there were two main phases: The study phase and the test/recall

phase.

Study. At the beginning of each study/encoding phase, participants were presented with
to-be-remembered items one at a time. Participants typed these items fully into a textbox in all
conditions (i.e., if the study word was “answer”, all participants were to type “answer” in the text
box). After all twenty study items were presented, participants were asked the global effort and
strategy questions in a randomized fashion. The global effort question asked, “On a scale from 1-
9, how much mental effort did you invest in remembering the items presented during the study
phase?”” and participants rated the response on a scale from “1 (very, very low mental effort)” to
“9 (very, very high mental effort)” (Van Kessel et al., 2024). The strategy question said “In
performing tasks like the ones we asked you to do in the current study, individuals sometimes
report engaging in strategies they believe might help them remember the presented words. Did you
engage in any such strategies during the study phase (i.e., when typing the study words) to help
you remember the words? It is completely OK if you did not.” and participants responded with
either “Yes”, “No”, or “I prefer not to answer.” If a participant responded with “Yes,” then that
participant was presented with a prompt that said “You responded 'yes' to engaging in a memory
strategy. Please briefly state what you did.” Following responses to these questions, a brief

retention interval of 15 s occurred before the start of the test/recall phase. On the third trial,
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participants in the support conditions (i.e., full or partial) were given notice right before the

test/recall phase that they would not have access to their support list, unlike in previous trials.

Test. At the beginning of this phase, participants in a support condition (i.e., full or partial)
were first asked, “In the previous list, 20 words were presented in total. How many words do you
anticipate accurately typing into the response box during the memory test? Remember, you will
have your saved items available,” to which they selected a number on a scale from 0 to 20. Those
in the No-support condition were presented with the following: “In the previous list, 20 words
were presented in total. How many words do you anticipate accurately recalling without your list
available during the memory test?” to which they responded by selecting a number on a scale from
0 to 20. Critically, on the third trial, participants in a support condition were asked, “In the previous
list, 20 words were presented in total. How many words do you anticipate accurately typing into
the response box during test? Remember, you will NOT have your saved items available.” That is,
these participants were reminded that they would not have their support list available and should

predict memory performance without their support available (i.e., unaided memory).

After predicting, the recall test was administered. For those in the support conditions (i.e.,
full or partial), there was no support available to them unlike in the previous two trials. For those
in the no-support condition, the trials were identical such that they were not instructed to expect
any support list (though they still typed the items at study) and were not given any support list at
test. Finally, participants took part in a post-task trial wherein their external supports were

available, thus, on this final post-task trial, near perfect performance would be expected. This trial
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was used only for assessing whether participant data quality was too low for inclusion (see

exclusion criteria below). Figure 7 presents an overview of the procedure.

Figure 7. Experiments 2 and 3: The general procedure including where our dependent variables of

1
Trial 1 (Practice)

interest were collected.

Note. *The order of global effort rating and strategy was randomly determined for each participant
and was collected in both the Aided Trial (Trial 2) and Unaided Trial (Trial 3) during Experiment
3. Also note, study time allocation was collected per item during each study phase, and there was
a fourth trial (not pictured) as part of the data quality checking process.

Results

General analytical approach

Exclusions and outliers. All results reported in this work have had the preregistered
exclusions applied. Specifically, we did not have to replace any participants for not wanting their
data to be included, for reporting using an external store other than that provided by the
experimental program, or for not typing out the full study item 75% of the time across Trials 2 and
3. One participant was replaced due to reporting that they were not attentive/were doing something
else during the study, and 34 were replaced due to not recalling at least 75% on the post-task trust
trial wherein individuals were given full store at test regardless of support condition (i.e., should

have had a performance level near ceiling). Analogous analyses with these individuals included
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were conducted and revealed qualitatively the same results unless otherwise noted (data and code
for these analyses are available at osf.io/9gxmc/). For analyses involving study time, within-
participant outliers were detected using a non-recursive z criterion based on the number of trials
within each block within each participant (i.e., 20; Van Selst & Jolicoeur, 1994). Analogous
analyses with outliers still included revealed qualitatively the same results throughout (data and
code for these analyses are available at osf.io/9gxmc/). One participant gave no predictions, and
another participant responded only for the Aided Trial, thus, their data were not included in any

analysis involving recall predictions.

Mixed models. Mixed models were conducted in R using the ‘lmerTest’ package
(Kuznetsova et al., 2017).” When applicable, the random effects structure of models was
determined using a model-fitting approach (via the anova() function; R Core Team, 2023).
Because the environmental support condition is between-participants, participants only have data
in one level of this manipulation, thus we did not include by-participant slopes for support
condition (e.g., Brown, 2021). For logistic models, multiple models varying in which support
condition was the reference group were conducted to obtain all paired comparisons. We
preregistered a model-fitting approach using mixed models for study time; however, we also
preregistered collapsing across trial type (i.e., aided vs. unaided), given that study phases were
theoretically identical across trials. We deviated from the preregistration by only examining study

time on the aided trial to remain consistent with the other study effort indices which were only

’ The utility of p-values in the context of mixed effects models has been debated; we include them here, however,
for the sake of reading ease and consistency with other analyses.
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collected on the aided trial. Moreover, this allowed us to use the preregistered model-fitting

approach for study time.

The between-participants comparisons reported (e.g., one-way ANOVAs, Welch’s t-tests)
either did not violate the assumption of homogeneity of variance (as tested using Levene’s Test)
or did violate it but were well within the recommended ratios of variance as recommended by
Howell (2015). All analyses reported were preregistered unless otherwise specified. See Figures
8A and 8B for the means and confidence intervals for memory performance and metacognitive
predictions of performance; See Table 2 for the means and confidence intervals for the study effort

indices.
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Figures 8A and 8B. Experiment 2: Means and confidence intervals for mean recall proportion

(A) and mean predicted recall proportion (B) as a function of support condition and trial type.

Note. Participant-level data is represented by the gray points. Error bars are 95% bias-corrected

accelerated confidence intervals with 10 000 replications.
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Table 2. Experiment 2: Means and confidence intervals for each study effort index across

support conditions on each trial.

Full-support Partial-3 Partial-2 No-support

Study time (ms)
Aided Trial 2846 2501 2599 3204

[2311, 4395] [2244, 2816] [2284, 3135] [2736, 4709]
Unaided Trial 2879 2626 2882 3486

[2312, 4050] [2354 2985] [2531, 3400] [2846, 5643]
Global effort (1- 4.58 6.24 6.73 6.69
9 [3.84, 5.29] [5.64, 6.67] [6.20, 7.20] [5.98, 7.20]
Strateqy use (% 29 29 62 51
yes) [18, 47] [16, 40] [44, 73] [33, 64]

Note: Error bars are 95% bias-corrected accelerated confidence intervals with 10,000 replications.
Study time is reported as a function of aided versus unaided trial whereas Global effort and

Strategy use are not as they were only collected once (i.e., on the Aided Trial).

Anticipated Environmental Support on Memory Performance

Aided Recall. A mixed effects logistic regression (with by-participant and by-item
intercepts; structure determined via model-fitting approach) examined the influence of support
condition (Full- vs. Partial-3 vs. Partial-2 vs. No-support) on recall for the Aided Trial. The

likelihood that an item was recalled was significantly higher in the Full-support condition than in
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the other conditions [all bs > 2.10, all zs > 7.60, all ps < .001]. The Partial-3 condition had
significantly higher recall than those in the Partial-2 and No-support conditions [b = 1.89, SE =
0.21,z=8.80,p <.001; b=2.17, SE =0.22, 2 = 9.99, p < .001] and the Partial-2 condition did not

differ significantly from the No-support condition [b = 0.29, SE = 0.21,z =1.37, p = .172].

Unaided Recall. A mixed logistic regression (with by-participant and by-item intercepts;
structure determined via model-fitting approach) examined the influence of support condition
(Full- vs. Partial-3 vs. Partial-2 vs. No-support) on recall for the Unaided Trial. Here, the likelihood
of recall was significantly lower in the Full-support condition than in other conditions [bs > 0.88,
zs > 3.36, ps < .001] except for the Partial-3 condition [b = 0.38, SE = 0.27, z = 1.42, p = .174].
Those in the Partial-3 condition were less likely to recall items than those in the Partial-2-support
condition [b = 0.51, SE = 0.26, z = 1.97, p = .049], and significantly less likely than those in the
No-support condition [b = 1.27, SE = 0.26, z = 4.98, p <.001]. Those in the Partial-2 condition
were less likely to recall items than those in the No-support condition [b = 0.80, SE = 0.26, z =
3.14, p = .002]. Including the participants who failed the bonus all aided trial, Full and Partial-3
did not significantly differ [b = 0.32, SE = 0.26, z = 1.25, p = .211], Partial-3 and Partial-2
marginally differed [b = 0.47, SE = 0.26, z = 1.82, p = .069], and Partial-2 and No support

significantly differed [b = 0.63, SE = 0.24, z = 2.65, p < .001].
Anticipated Environmental Support on Metacognitive Predictions

Predicted Aided Recall. A one-way ANOVA tested the influence of support condition
(Full- vs. Partial-3 vs. Partial-2 vs. No-support) on predicted performance for the Aided Trial.
There was a significant main effect of support condition [F(3, 173) = 26.11, p < .001, ne® = .31].
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Because of the six pairwise comparisons, we use an adjusted alpha level of .008 (i.e., .05/6;
Bonferroni correction). Predicted recall was significantly higher in the Full support condition than
in the other conditions [all ts > 4.12, all ps <.008, all ds > 0.87], significantly higher in the Partial-
3 support condition than in the Partial-2 and No-support conditions [Partial-3 vs. Partial-2: t(85.48)
= 2.95, p =.004, d = 0.63; Partial-3 vs. No-support: t(86.33) = 3.91, p < .001, d = 0.83], and not

different between the Partial-2 and No-support conditions [t(84.70) = 1.25, p =.213, d = 0.26].

Predicted Unaided Recall. A one-way ANOVA examining the influence of support
condition on the predicted performance of unaided memory demonstrated a main effect of support
[F(3, 173) = 4.55, p = .004, ne? = .07]. Again, given the six pairwise comparisons, we use an
adjusted alpha level of .008 (i.e., .05/6; Bonferroni correction). Specifically, predictions in the Full
support condition were not significantly lower (given the corrected alpha level) than in the no-
support condition [t(82.83) = 2.25, p = .012, d = 0.48] and were not different from the Partial-3
and Partial-2 conditions [t(72.21) = 0.43, p = .666, d = 0.09; t(78.08) = 0.67, p = .508, d = 0.14].
The Partial-3 and Partial-2 conditions had significantly lower recall predictions than those in the
No-support condition [t(82.43) = 3.26, p =.001, d = 0.69; t(86.00) = 3.35, p =.001, d = 0.71], with

no difference between the Partial-3 and Partial-2 conditions [t(84.92) = 0.32, p =.751, d = 0.07].
Anticipated Environmental Support on Study Behavior

Study behavior was indexed by study time allocation per item (ms), global effort rating,
and self-reported strategy (the latter two indices were collected between study and test during the

Aided trial only).
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Study time. A mixed linear regression (with by-participant intercepts included based on
model-fitting approaches) examining the influence of support condition on Study time revealed no
significant effect of support on study time allocation on the Aided Trial [bs < 703.0, ts < 1.58, ps
> .110] or on the Unaided Trial [bs < 861.0, ts < 1.69, ps > .090]. The preregistration for
Experiment 2 outlined this analysis be collapsed across the Aided and Unaided Trials (i.e., on the
mean study times across trials); however, we opted to keep them separate for clarity and
consistency with the structure of our other analyses (e.g., on memory performance and predicted
performance). Analogous exploratory (i.e., not preregistered) mixed linear regression on the log-
transformed study times (to mitigate the effects of skew) revealed qualitatively the same results

[bs <0.18, ts < 1.80, ps > .070].

Global effort rating. A one-way ANOVA examining the influence of support condition
on global effort rating showed a significant effect of support condition [F(3, 177) = 11.08, p <
.001, nc? = .16]. The effort ratings of the Full support condition were significantly lower than those
of the other conditions [ts > 3.57, ps <.001, ds > 0.75]. None of the other paired comparisons were

significant [ts < 1.41, ps >.162, ds < 0.30].

Strategy. Logistic regression examined the influence of support condition on Strategy use
(yes vs. no). Those in the Full support condition were significantly less likely to report strategy
use than those in the Partial-2 and No-support conditions [b = 1.43, SE = 0.45, z = 3.19, p = .001,;
b =.98, SE = 0.44, z = 2.20, p = .028] but were no different from those in the Partial-3 condition
[b <.01, SE = .46, 2 < 0.01, p > .947]. Those in the Partial-3 condition were less likely to report

using a strategy than those in the Partial-2 and No-support conditions [b = 1.40, SE = .45,z = 3.11,
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p =.002; b =0.95, SE = .44, z = 2.13, p = .033]. There was no significant difference in strategy
reports between the Partial-2 and No-support conditions [b = 0.45, SE = 0.43, z = 1.06, p =.289].
Including the participants who failed the bonus All Aided Trial, strategy reports in the Full and

No-support conditions did not differ significantly [b = 0.61, SE = 0.38, z = 1.60, p = .109].
Secondary Analyses
Relation between study effort indices

We examined the relation among study effort indices that we collected during the Aided
Trial—study time, global effort, and strategy—and found that these indices mostly correlated with
one another. Specifically, the relation between study time and global effort rating [r(178) = .22, p
=.002] and the relation between global effort and strategy [r(178) = .28, p < .001] showed clear
positive correlations; only the relation between study time and strategy showed no clear correlation

[r(178) = .08, p = .271].
Relation between predicted and actual performance

All conditions showed significant positive correlations between predicted and actual recall
performance on the Aided Trial [Full: r(42) = .32, p = .031, Partial-3: r(43) = .30, p = .045; No-
support: .85, p <.001] except for the Partial-2 condition [r(42) = .24, p = .113]. This pattern was
also found on the Unaided Trial [Full: r(42) =.71, p <.001; Partial-3: r(43) = .61, p <.001; Partial-
2: r(42) = .24, p = .120; None: r(43) = .51, p < .001]. Including the participants who failed the
bonus All Aided Trial, for the Aided Trial, those in the Partial-3 condition did not show a

significant positive correlation [r(45) = .20, p = .169] whereas those in the Partial-2 condition did
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[r(46) = .29, p = .048]. Table 3 presents the correlations between predicted and actual memory

performance by trial type and support condition for Experiment 2.

Table 3. Experiment 2: Correlations between predicted and actual memory performance by Trial

Type (Aided vs. Unaided) and Support Condition (Full vs. Partial-3 vs. Partial-2 vs. No-support).

Full Partial-3 Partial-2 No-support
Aided .32* 30* o4 =
Unaided 1 BLF** 24 B xxk

Note: *** < .001, ** < .01, * < .05.

We used Fischer’s z test to compare the predicted-actual recall correlations (from the
‘cocor’ package in r; Diedenhofen & Musch, 2015) between support conditions separately for the
Aided and Unaided trials. Given the number of statistical tests, we used a corrected alpha level of
.008 in each case (i.e., .05/6 tests; Bonferroni correction). On the Aided trial, those in the No-
support condition had a significantly higher correlation between their predicted and actual recall
performance than did those in the other conditions (zs > 4.73, ps < .001). There were no other
significant differences (zs < 0.43, ps > .65). Including the participants who failed the bonus All
Aided Trial, for the Aided Trial, those with Full support did not have significantly different
metacognitive accuracy from those with No support [z = .90, p =.370]. On the Unaided trial, there
were no significant differences in correlations using the corrected alpha level of .008 (zs < 2.13,

ps > .03).

Apart from the main investigation of Experiment 2, we had two secondary motivations.
The first of these was to examine the extent to which study effort mediates the relation between
support condition and memory performance (for each study effort index; Kelly & Risko, 2022b).
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The second motivation was to examine whether the set size of each word stem (the number of
accurate completions) or the base rate of each study item (the commonness of the study item as
the completed word when given its word stem; Jacoby et al., 1993) influenced the likelihood of
recall in the partial conditions. A priori, one can imagine that word stems with larger set sizes and
study items with lower base rates would be more challenging to recall. Despite being preregistered
as Experiment 2 analyses, we opted to combine data across both Experiments 2 and 3 to better
address these secondary questions (thereby increasing power and decreasing the number of

statistical tests). For these results, see Secondary Analyses for Experiment 3.

Discussion

Aided Memory and Predictions

Results demonstrated that aided memory performance does depend on the degree of
environmental support such that full support was significantly better than having 3 letters
available, which was significantly better than having 2 letters available and no support, which did
not differ from one another. Individuals’ metacognitive predictions of aided recall followed the
same pattern as actual aided recall such that individuals predicted they would do better with full
support than having 3 letters, which would be better than having 2 letters or none (i.e., no support),
which did not differ from one another. Thus, individuals predicted the positive effect of having
external support relative to having no support at all, but also showed some evidence of sensitivity
to different levels of support on aided memory performance.

Unaided Memory and Predictions
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For unaided memory performance (i.e., recall without support after having expected to
receive it in the supported conditions), all of the support conditions recalled fewer items than those
in the No-support condition. In addition, those with full and 3-letter support (which did not differ
reliably) had significantly lower recall than those with 2-letter support. Thus, expecting partial
support modulated the cost of losing an expected store (i.e., the cost was less than when expecting
full support). Interestingly, individuals’ metacognitive predictions showed a different pattern.
While predictions in all the conditions where individuals were expecting support were lower than
in the No-support condition (marginally so for those with full support given the conservative
Bonferroni correction), there were no differences across those with less, more, and full support.
Thus, while the actual unaided memory performance of those expecting support was influenced
by the degree of expected support, predictions of unaided performance were not. Rather, in
general, individuals predicted that they would do worse having had expected any kind of support
(i.e., regardless of the level of support) and not receiving it. This dissociation suggests a form of
metacognitive difficulty in predicting the consequences of losing an expected store. This
dissociation was absent when individuals made predictions about aided memory performance (i.e.,
when they expected to have support and were, indeed, supported).

Study Effort

Measures of study effort positively correlated with one another (although not significantly
in the case of study time and strategy report). For study time, we found marginal evidence that the
support conditions (i.e., Full, Partial-3, Partial-2) each showed significantly lower study time than

the no support condition. That said, study time increased numerically for each added level of
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support. Global effort ratings were lowest in the Full support condition, with the remaining
differences not significant. The ratings reported by those with partial support were more
numerically close to those with no support than to those with full support. Thus, in terms of self-
reported effort, individuals reported investing less effort when fully supported but similar levels
of effort when receiving less than full support. Finally, individuals with Full and 3-letter support
were less likely to report strategy use (while not differing from one another) than were those with
2-letter and no support (which did not differ from one another). While the effort measures were
somewhat inconsistent across condition, it is worth noting that in the partial-2 condition there were
no differences in effort relative to the no support condition, but there was a cost of losing partial
support. This pattern suggests that expecting an environmental support can lead to costs in the
absence of clear evidence of differential effort being allocated across conditions.
Prediction-performance correlation

All support conditions generally demonstrated significant positive correlations between
predicted and actual memory performance on both aided and unaided trials, although less clearly
for partial support conditions. Those in the no-support condition demonstrated a significantly
stronger relation between prediction and performance than those in each of the support conditions,
suggesting that there is something about expecting a support that alters our ability to judge memory
performance. Upon inspection, most individuals underestimated their aided memory performance
(this is also hinted at when comparing the means between performance and prediction). On the
Unaided Trial, those expecting Full and No-support (i.e., the extreme comparison groups)
demonstrated moderate correlations between predictions and performance. Generally speaking,

the prediction-performance correlations tended to be numerically weaker in the support conditions
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(compared to no-support). This is consistent with the idea that predicting performance alongside
the expectation of support could be more challenging than predicting unaided performance,
especially upon the loss of a such an expected support.

In summary, individuals exhibited behavior generally consistent with predictions derived
in the Introduction. Full and No-support conditions clearly demonstrated the expected patterns
such that Full support led to higher aided and lower unaided performance compared to no support,
consistent with their lower effort ratings and strategy reports. That said, results still departed from
these predictions in somewhat unintuitive ways. For example, compared to those expecting no
support, those expecting 2-letter support demonstrated a clear cost to unaided memory, yet there
were no clear differences between these groups in study effort as indicated by global effort and
strategy reports. Individuals were also rather insensitive to the amount of support when it came to
predictions about unaided memory performance, despite there being a modulation of unaided recall
by amount of support. These findings are consistent with the idea that the monitoring and control
of study behavior is difficult with more intermediate forms of environmental support as opposed
to when can anticipate no or extensive environmental support.

Experiment 3

There were multiple motivations for Experiment 3. Mostly, we were interested in
replicating the unanticipated findings from Experiment 2. Indeed, results from Experiment 2 hinted
that the monitoring and control of study behavior is more challenging in the case of intermediate
levels of support compared to when expecting the extremes of full or no support. Replicating the
findings of Experiment 2 would help solidify conclusions drawn about metacognitive abilities (i.e.,

performance prediction) as a function of anticipated environmental support. Aside from replicating
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findings, we amended our procedure from Experiment 2 by collecting global effort ratings and
strategy on the Unaided Trial (in addition to on the Aided Trial).
Method

In Experiment 3, we included only the 2-letter partial support condition, along with both
full and no support, rather than having two partial support conditions like in Experiment 2. As just
mentioned, we collected global study effort ratings and self-reported strategy on both the Aided
and Unaided trials unlike in Experiment 2.

Participants were 120 (n = 40; 52 females, 67 males; Mage = 37.94 years, SDage = 12.79
years) individuals from Prolific divided equally across the four groups, and were paid £3.75 for
their participation (~20 minutes). No participants from Experiment 3 had also taken part in
Experiment 2. This sample size was based on powering for a balanced one-way ANOVA with
three between-participants groups, considering a power of over .80 to detect a medium effect size
of f =.30 (two-tailed, alpha = .05) and considering a power of ~.80 to detect a between-participants
pairwise comparison of d = 0.50 using ANOVA _exact (Lakens & Caldwell, 2021).

All other aspects of Experiment 3 were the same as Experiment 2 except for earlier
mentioned difference of collecting global effort ratings and strategy reports on both the Aided and
Unaided Trials, rather than just on the Aided trial (as in Experiment 2). The preregistration for
Experiment 3 is available at osf.io/tp8xm. Data and analyses code are available at osf.io/9gxmc.
Results

As in the previous experiment, all results reported have the preregistered exclusions
applied. No participants were replaced for not wanting their data to be included, not being attentive,

reporting using an external store other than that provided by the experimental program, or not
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typing the full study item out 75% of the time across Trials 2 and 3. Eighteen were replaced due
to lower than 75% recall accuracy on the bonus trial (wherein all were fully aided, thus, wherein
performance should have been near ceiling). Again, analogous analyses with these individuals
included revealed qualitatively the same results unless otherwise noted. For analyses involving
study time, within-participant outliers were detected using a non-recursive z criterion based on the
number of trials within each block within each participant (i.e., 20; Van Selst & Jolicoeur, 1994)
and study time analyses including these outliers revealed qualitatively the same results. Figures
9A and 9B present the means and confidence intervals for memory performance and metacognitive
predictions of performance. See Table 4 for the means and confidence intervals for the study effort

indices.
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Figures 9A and 9B. Experiment 3: Means and confidence intervals for mean recall proportion

(A) and mean predicted recall proportion (B) as a function of support conditions and trial type.

Note. Participant level data is represented by the gray points. Error bars are 95% bias-corrected
accelerated confidence intervals with 10,000 replications.
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Table 4. Experiment 3: Means and confidence intervals for each dependent variable across

support conditions on each trial.

Full-support Partial-2 No-support
Study time (ms)
Aided Trial 2514 3253 3107
[2159, 3123] [2664, 4641] [2604, 3828]
Unaided Trial 2487 3193 3057

[2180, 3142]

Global effort (1-9)

[2635, 4297]

[2627, 3635]

Aided Trial 5.05 6.63 6.83
[4.18, 5.83] [5.95, 7.15] [6.15, 7.30]
Unaided Trial 4.78 6.78 6.78
[3.93, 5.60] [6.03, 7.30] [5.90, 7.42]

Strategy use (% yes)
Aided 28 53 33
[13, 40] [35, 65] [18, 45]
Unaided Trial 28 53 35
[13, 40] [35, 65] [20, 48]

Note: Error bars are 95% bias-corrected accelerated confidence intervals with 10,000 replications.
Study time is reported as a function of aided versus unaided trial whereas Global effort and
Strategy use are not as they were only collected once (i.e., on the aided trial).
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Anticipated Environmental Support on Memory Performance

Aided Recall. Mixed effects logistic regression (with by-participant and by-item
intercepts; structure determined via model-fitting approach) examined the influence of support
condition (Full- vs. Partial-2 vs. No-support) on recall for the Aided Trial. The likelihood that an
item was recalled was significantly higher in the Full-support condition than in the other two
conditions [all bs > 3.75, all ps < .001], and recall in the Partial-2 condition was significantly
higher than in the No-support condition [b = 0.62, SE = 0.20, z = 3.07, p = .002].

Unaided Recall. Mixed effects logistic regression (with by-participant and by-item
intercepts; structure determined via model-fitting approach) examined the influence of support
condition (Full vs. Partial-2 vs. No-support) on recall for the Unaided Trial. The likelihood of
recall was significantly lower in the Full-support condition than in the other two conditions [bs >
.90, ps <.001] and recall in the Partial-2 condition was significantly lower than in the No-support
condition [b =0.52, SE=0.21,z=2.51, p =.012].

Anticipated Environmental Support on Metacognitive Predictions

Predicted Aided Recall. A one-way ANOVA examining the influence of support
condition (Full- vs. Partial-2 vs. No-support) on the predicted performance for aided memory
demonstrated a significant main effect of support condition [F(2, 117) = 38.23, p < .001, ne® =
0.40] such that those in the Full support condition predicted significantly higher aided memory
performance than did those in both the Partial-2 and No-support conditions [Full vs. Partial-2:
t(65.68) = 6.39, p <.001, d = 1.43; Full vs. No-support: t(66.80) = 7.50, p <.001, d = 1.68], which

did not significantly differ from each other [t(77.94) = 1.54, p =.127,d = 0.34].
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Predicted Unaided Recall.8 A one-way ANOVA tested the influence of support condition
on predicted performance for the Unaided Trial and revealed a significant main effect of support
condition [F(2, 117) = 5.39, p = .006, ne® = .08]. Specifically, Full- and Partial-2 support
conditions did not differ [t(75.96) = .03, p =.973, d < 0.01] but each predicted significantly lower
recall than in the No-support condition [Full vs. No-support: t(76.80) = 2.68, p = .009, d = 0.60;
Partial-2 vs. No-support: t(72.21) = 2.83, p = .006, d = 0.63].

Anticipated Environmental Support Influence on Study Behavior

The following analyses on the influence of anticipated environmental support on study
behavior were preregistered to compare only partial support with no support for Experiment 3,
however, we followed suit from the Experiment 2 preregistration wherein we compared all support
conditions (i.e., full, partial, and no-support) to allow for easier comparison to Experiment 2.
Unlike in Experiment 2, we collected each study effort index on both the Aided and Unaided trials

and therefore, report the findings in each case.

Study time. Using linear regression, we found no clear difference between the conditions
on either the Aided or Unaided Trials [bs < 706.0, ts < 1.68, ps > .080]. When including the
participants who failed the bonus All Aided Trial, those in the Full-support condition had
marginally lower study time than those in the No-support condition on both the Aided Trial and

the Unaided Trial [Aided Trial: b = 753.10, SE = 423.00, t = 1.78, p = .077; Unaided Trial: b =

8 Note that this analysis was mistakenly not specified in the preregistration of Experiment 3 analyses. It should have
been preregistered given our intention to replicate the unexpected result in Experiment 2 that the predicted cost to
unaided performance of expecting external support was not sensitive to degree of external support.
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738.80, SE = 373.60, t = 1.98, p = .050], and marginally lower study time than those in the Partial-
2 condition on the Unaided Trial [b = 680.90, SE = 391.8, t = 1.74, p = .084]. Exploratory mixed
effects linear regression (not preregistered) found qualitatively the same results when comparing
the log-transformed study times [bs < 0.18, ts < 1.72, ps > .080]. Including the participants who
failed the bonus All Aided Trial, those in the Full-support condition had significantly lower log
transformed study time than those in the No-support condition on both the Aided Trial and Unaided
Trial [Aided Trial: b =0.19, SE =0.10, t = 2.01, p = .046; Unaided Trial: b = 0.23, SE =0.09, t =
2.45, p = .016].

Global effort rating. A one-way ANOVA comparing Full, Partial-2, and No-support
conditions in global effort rating found a significant main effect of condition on both the Aided
and Unaided trials [Aided: F(2,117) = 7.88, p <.001, nc? = .12; Unaided: F(2,117) = 9.03, p <
.001, ne? = .13]. On both the Aided and Unaided trials, participants in the Full-support condition
rated effort significantly lower than those in the Partial-2 [Aided: t(70.12) = 3.02, p = .004, d =
0.67; Unaided: t(76.85) = 3.46, p = .001, d = 0.77] and No-support conditions [Aided: t(69.36) =
3.42,p=.001,d=0.77); Unaided: t(72.76) = 3.68, p < .001, d = 0.82)], with no difference between
the Partial-2 and No-support conditions [Aided: t(77.97) = 0.47, p = .637, d = 0.11); Unaided:
t(76.27) < 0.00, p > .999, d < 0.00)].

Strategy. Logistic regression compared Full, Partial-2, and No-support conditions in
strategy use (yes vs. no). Those in the Full condition were less likely to report strategy use than
those in the Partial-2 condition on both the Aided and Unaided Trials [Aided: b = 1.07, SE = 0.48,
z2=2.25,p=.024; Unaided: b =1.07, SE =0.48, z=2.25, p =.024]. Those in the Partial-2 condition

were marginally more likely to report using a strategy than those in the No-support condition on
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the Aided trial [b = 0.83, SE = 0.46, z = 1.80, p = .073]. Including the participants who failed the
bonus All Aided Trial, the difference between the Full and Partial-2 conditions was marginal on
the Unaided Trial [b =0.79, SE =0.45, z = 1.78, p = .075]. No other comparisons within either the
Aided or Unaided Trials were significant.
Relation between study effort indices

We examined the relation among study effort indices—study time, global effort, and
strategy. Unlike in Experiment 2, all study effort indices were collected on both the Aided and
Unaided trials so we obtained the correlations between these indices separately for each the Aided
and Unaided Trial. We found that all indices significantly positively correlated with each other on
both the Aided and Unaided Trials. Indeed, study time positively correlated with both global effort
rating [Aided: r(118) = .24, p = .008; Unaided: r(118) = .25, p = .006] and strategy use [Aided:
r(118) = .20, p = .026; Unaided: r(118) = .30, p < .001] with these latter indices also positively
correlated [Aided: r(118) = .41, p <.001; Unaided: r(118) = .28, p = .002].
Relation between predicted and actual performance

Those in the Full support condition demonstrated a marginal positive correlation between
their predicted and actual recall performance on the Aided Trial [r(38) = .29, p = .071] and no
correlation on the Unaided Trial [r(38) = .13, p = .408]. Those in the Partial and No-support
conditions demonstrated significant positive correlations between predicted and actual recall
performance on both the Aided Trial [Partial: r(38) = .59, p < .001; No-support: r(38) = .56, p <
.001] and the Unaided Trial [Partial: r(38) = .59, p <.001; No-support: r =.68, p <.001]. Including
the participants who failed the bonus All Aided Trial, those in the Full condition demonstrated a

significant positive correlation on the Aided Trial [r(43) = .46, p = .002]. Table 5 presents the
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correlations between predicted and actual memory performance by trial type and support condition

for Experiment 3 and collapsing across Experiments 2 and 3.

Table 5. Experiments 2 and 3: Correlations between predicted and actual memory performance
by Trial Type (Aided vs. Unaided) and Support Condition (Full vs. Partial-2 vs. No-support) in

Experiment 3 and also collapsing across Experiments 2 and 3.

Full Partial-2 No-support
Aided .29 HY*** HE***
*kk *kxk
Unaided 13 59 .68
E2 + E3 combined
Aided 30** 36%** TO***
A2%x* 37F** B4***

Unaided
Note: *** < .001, ** < .01, * < .05

As in Experiment 3, we used Fischer’s z test to compare the predicted-actual recall
correlations between support conditions for each of the Aided and Unaided trials. On the Aided
Trial, there was no significant difference in the magnitude of predicted-actual correlations among
conditions (zs < 1.62, ps > .107). On the Unaided Trial, those in the Full-support condition had a
significantly lower predicted-actual correlation than those in both the Partial-2 and the No-support
conditions (Full vs. Partial-2: z = 2.33, p = .020; Full vs. No-support: z = 2.99, p = .002), which
did not significantly differ from each other (z = 0.65, p = .511).

Effort as a mediator (Partial vs. No-support)
Previous work provides evidence that study effort partially mediates the relation between

support condition and unaided recall performance (Kelly & Risko, 2022b). In Experiment 3, we
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were interested in examining whether study effort explained any of the differences in memory
performance, but particularly in the case of comparing Partial and No-support conditions. We
intended to examine this separately for each study effort index (i.e., study time, global effort rating,
strategy) given a significant total effect—that is, those in the Partial-2 condition had significantly
lower unaided memory performance than those not supported at all [b = 0.10, SE = 0.04, t = 2.28.
p = .025]. That said, there was no significant effect of support condition on any of the study effort
indices, thus, we did not continue with these mediation analyses [Study time: b = 54.10, SE =
498.7,t=0.11, p = .914; Global effort rating: b < .01, SE = 0.51, t < .01, p >.999; Strategy: b =
0.72, SE = 0.46,z = 1.57, p = .117].
Secondary Analyses
Study effort as a mediator continued

As noted earlier, one secondary interest of ours was to replicate the previous finding that
study effort partially mediates the relation between support condition and unaided memory
performance (Kelly & Risko, 2022b). To do so, we collapsed across both Experiments 2 and 3 to
compare between Full and No-support conditions, the conditions most analogous to those of Kelly
and Risko (2022b). The total effect of support condition on recall performance was significant [b
=1.11, SE = 0.13, p < .001] and is the same for all three mediation analyses of interest, thus it is
only reported here once. Starting with study time, there was no significant relation between support
condition and study time, so we did not continue with the mediation analysis [b =0.23, SE = 0.15,
p = .132]. That said, the results were in the predicted direction, such that those with no support

demonstrated longer study time.
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For the global effort rating, those in the no-support condition had higher ratings of effort
compared to those in the full support condition [b =0.78, SE = 0.14, p < .001], therefore we tested
global effort rating on recall performance controlling for support condition and found that the
effort rating remained significantly higher for those in the no-support condition [b = 0.28, SE =
0.07, p <.001] when controlling for the effect of support condition [b = 0.89, SE = 0.13, p <.001].
The average indirect effect of effort rating was significant [0.22, p < .001], hence study effort
significantly mediated the relation between support condition and recall performance. Critically,
the direct effect remained significant even when including the mediator of study effort rating in
the model [0.89, p < .001].

For strategy use, those in the no-support condition were more likely to report the use of a
strategy [b = 0.15, SE = 0.07, p = .038], therefore we tested strategy report on recall performance
controlling for support condition and found that the effect of strategy on recall performance was
significant [b = 0.60, SE = 0.13, p <.012], when controlling for the effect of support condition on
recall performance [b = 1.02, SE = 0.12, p <.001]. The average indirect effect of strategy use was
significant [.09, p = .028], hence strategy report significantly mediated the relation between
support condition and recall performance. Like for global effort rating, the direct effect of external
support condition remained significant when including the mediator of strategy use [1.02, p <
.001]. Including the participants who failed the bonus All Aided Trial, the effect of condition on
strategy was not significant [b = 0.11, SE = 0.07, p = .112].

The influence of set size and base rate on recall
The following procedures were completed for the partial support conditions across

Experiments 2 and 3 and based on work by Migo et al. (2010) and Jacoby (1998) as these were the
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conditions that were presented word stems as partial external memory support during the Aided
Trial. When given a word stem (APP—or AP---), the set size is defined as the number of legal
completions for that word stem (e.g., APPLE, APPLY; or APPLE, APART). In the current work,
all stimuli were 5 letters in length, hence, the word stems in the current work were defined as the
number of 5-letter legal completions and we based this on the SUBTLEX-US corpus (corpus used
available at osf.io/9gxmc/).

Base rates were computed from data collected from N = 200 participants on PROLIFIC
paid £1.25 for their participation (~ 10 min) and who did not take part in either Experiment 2 or 3.
These participants were presented with the unique word stems for the words of Experiments 2 and
3 such that half the participants completed the 2-letter stem sets while the other half completed the
3-letter stem sets. Participants were told that they had to complete the word stems with the 5-letter
words that came to mind easiest, and to avoid names (e.g., proper nouns) or plurals (4-letter words
with “s” added). If they could not think of a valid word, participants were told not to use external
resources (e.g., the internet) and to, instead, type a question mark, ?’. Indeed, participants could
only advance to the next word stem if they provided a response that was exactly 5 letters in length
(or a question mark in the case that they could not think of a word). An independent research
assistant coded whether the responses were valid completions based on the criteria. Base rates
were then derived by dividing the number of times participants responded with the study set items
in response to the relevant word stems out of the total number of times they responded with a legal
word stem completion.

To relate set size and base rate to memory performance, we computed item-level means for

recall performance and conducted correlation analyses relating recall performance, set size, and
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base rate. We found no relation between recall performance and set size [r(115) = .14, p = .132],
nor between recall performance and base rate [r(115) =-.06, p = .496], though unsurprisingly there
was a significant negative correlation between set size and base rate [r(115) = -.67, p < .001].
Discussion

Aided Memory and Predictions

Those with full support had significantly better aided memory than those with partial
support (i.e., 2/5 letters) and those with partial support had significantly better aided memory than
those with no support. This pattern was also found in Experiment 2 but, unlike in Experiment 2,
those in the Partial-2 condition had significantly higher memory performance than those in the No-
support condition. For the metacognitive predictions of performance, those with Full support
predicted significantly higher memory than did those in both the Partial-2 and No-support
conditions, which did not significantly differ. Like Experiment 2, Experiment 3 demonstrated clear
evidence that individuals are sensitive to the positive effect of having external support relative to
having no support at all, but the evidence is less clear regarding sensitivity to the influence of
varied levels of support on aided memory performance.

Unaided Memory and Predictions

Unaided recall performance was significantly lower in the Full support condition than in
the Partial-2 support condition and significantly lower in the Partial-2 condition than in the No-
support condition, like in Experiment 2. We also replicated the unexpected finding from
Experiment 2 that metacognitive predictions in the conditions with support (i.e., Full and Partial)

were lower than in the No-support condition, with no difference between these supportive
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conditions. Indeed, as we started to conclude in Experiment 2, it seems that people were insensitive
to the effects of varied levels of support on unaided memory. Instead, they only predicted that
memory would be generally worse when they no longer had access to a support compared to when
they expected no support.

Study Effort

With respect to the indices of study effort—study time, global effort rating, and strategy
(which consistently positively correlated with each other)—results were a bit mixed regarding the
original predicted pattern of Full < Partial < No-support, but consistent with Experiment 2. First,
study time was numerically lower in the Full-support condition than in the Partial-2 and No-
support conditions. It is not surprising that this was the case on both the Aided and Unaided trials,
given that the study phases of each are theoretically treated the same by participants (in both cases,
the support conditions expect support, and the no-support condition do not). Like in Experiment
2, the global effort ratings reported by those with partial support were essentially equal to those
with no support, with these effort ratings significantly higher than provided by those with full
support. Thus, as we concluded in Experiment 2, people report using less effort when fully
supported but similar levels of effort when receiving less than full support. Also like in Experiment
2, those in the Full support condition were significantly less likely to report strategy use than those
in the Partial-2 and No support conditions (which only marginally differed on the Aided Trial).

We expected that if participants were modulating the monitoring and control of memory
processes proportionally (or perhaps more precisely, inversely proportionally) to expected support,

then effort ratings would align accordingly with respect to level of support. Instead, while
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expecting Full support clearly led to less effort than expecting no support, expecting partial support
led to equivalent effort (or possibly more) compared to no support. Nonetheless there was still a
clear cost to losing such partial support. Thus, these findings provide evidence of a cost to memory
that is not as easily explained by effort reduction. We return to this in the General Discussion.

A final goal of the current investigation was to test a study effort explanation for the cost
of external memory store reliance, as we have done previously (Kelly & Risko, 2022b). When we
collapsed across both experiments to compare the Full and No-support conditions, we found some
evidence that study effort partially mediates the cost of memory store reliance, though the degree
to which study effort indices supported this varied by index. Specifically, we found clear evidence
for global effort rating as a significant mediator (a novel measure not collected by Kelly & Risko,
2022b), evidence for strategy use as a mediator (though not when including those who failed the
all aided bonus trial), and no conclusive evidence for study time as a mediator.
Prediction-performance correlation

We found that those in the Partial and No-support conditions demonstrated clear positive
correlations between predicted and actual memory performance; those in the Full condition
showed a weaker (if present) correlation. This differed from Experiment 2 wherein the Partial
support conditions seemed to show weaker correlations between predicted and actual memory
performance. Indeed, in Experiment 2, it seemed that those in the Full support and No support
conditions were making predictions reliably correlated with their actual performance. While these
differences could suggest some sample-to-sample variability, both experiments suggest that

predictions made by those expecting no support will strongly correlate with actual performance
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rather consistently and that this is less likely the case when expecting a form of environmental
support.
General Discussion
Across two preregistered experiments, we examined how individuals’ expectations about
environmental support influenced their memory performance, study effort, and predictions of
memory performance. We turn first to the contrast between expecting full and no support, then to

the partial support results.

Individuals who expected full support demonstrated higher memory performance when
they were, indeed, supported compared to those expecting and receiving no support. When
individuals expecting full support did not receive such support, they demonstrated lower
performance compared to those expecting and receiving no support. These findings are in line with
the results of previous research comparing groups expecting full forms of support versus no
support (Kelly & Risko 2019a; 2019b; 2022a; 2022b; Lu et al., 2020; 2021; Park et al., 2022;
Risko et al., 2024; Risko & Kelly, 2024; Sparrow et al., 2011). The resulting differences between
these support conditions (e.g., in memory performance) have been proposed to be, at least in part,

due to differential study efforts (Kelly & Risko, 2022b).

To further the examination of a study effort explanation, we incorporated study effort
indices of study time, strategy use, and—novel here—self-reported effort ratings. We found that
study effort indices were clearly consistent with the findings of memory performance, such that
when expecting full support, study time, effort rating, and strategy use all were lower compared to

when expecting no support. These findings comparing Full and No support conditions are
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consistent with a study effort explanation of the cost to memory when there is “full” external
support available. A study effort explanation is further supported by our secondary analyses
collapsing across experiments, wherein we found that effort rating and strategy use partially
mediated the relation between environmental support (full vs. no-support) and unaided recall
performance. In sum, when comparing the more extreme forms of environmental support—full vs.
no support—individuals seem in tune with the influence of expected environmental support on

memory performance.

We also obtained predictions of memory performance to examine how external support
affected expectations of memory performance. We found that individuals were able to predict that
their performance would be higher when fully supported compared to when not supported. There
was also evidence that they were able to predict that their performance would suffer upon the
unexpected loss of full support compared to when expecting no support. In addition, predictions
of performance tended to correlate positively with actual performance in each condition collapsed
across experiments, suggesting some metacognitive ability regardless of condition (see E2+E3
combined in Table 5). Taken together, the full and no support conditions support past empirical
and theoretical conclusions. Expecting full support leads to a withdrawal of study efforts and this
withdrawal leads to a cost when that expected support is unavailable. This withdrawal of effort

does not, however, appear to explain the entire cost.
Partial Environmental Support

Critical to the current work is our inclusion of intermediate forms of support, partial
support. This allowed an extension of earlier work to a context wherein the level of support was

79



intermediate rather than “all or nothing,” and revealed multiple noteworthy results. First, like when
unexpectedly losing a fully supportive external store, we found evidence in both experiments that
the unexpected loss of a partially supportive store leads to a cost to unaided memory relative to
when expecting no support. This cost, however, was smaller than that observed in the case of
losing full support. Perhaps counterintuitively, however, this cost appeared not to be driven by a
withdrawal of study effort as proposed by a study effort explanation. This is most clear when
comparing the Partial-2 and No-support conditions, such that there was no significant influence of
support condition on any effort indices. Thus, the cost to memory in this context does not seem

easily explained with study effort differences.

One speculative explanation for this result is that the partially saved information led to
investing study effort via a strategy that was ineffective in the absence of the partially supportive
store compared to that of the No-support condition. Thus, when individuals lose that support, their
performance suffers, but not because they had not invested effort in the first place. This
demonstration is theoretically significant as it establishes a clear instance of a cost of external
memory support that is not a product of withdrawing effort. These conclusions are less clear when
comparing the results between the Partial-3 and No-support conditions, however, it is possible that
expecting 3/5 letters (most of the item) was enough for participants to behave more like those

expecting Full support.
Predictions of Unaided Memory

As noted above, the cost in the partial conditions was smaller than that observed in the full

support condition. However, participants’ metacognitive predictions did not follow this pattern in
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either experiment. Instead, after learning about the loss of their environmental support, individuals
in the Full and Partial support conditions all predicted similar unaided memory performance at the
aggregate level, with these predictions significantly lower than those of the no support condition.
One potential explanation for the inaccurate predictions is that, all else being equal, we hold a
general belief that the unexpected loss of a memory support has negative consequences for memory
performance, and that individuals rely on this belief as opposed to memorial cues that would
correctly lead to predicting a differential cost. The latter might reflect a tendency to ignore such
cues in light of a cue as salient as a large shift in expectations (i.e., going from expecting a store
to not receiving it) or might reflect the absence of such cues. That said, it is worth noting that there
were positive correlations among memory predictions and memory performance across all
conditions. Thus, participants clearly have available enough information to make predictions that
are to some extent accurate, just not the kind of information that would capture between condition

differences in performance.
Conclusion

In two preregistered experiments, we found evidence that individuals can modulate their
study efforts in response to the degree of environmental support that they can expect. Results
support a study effort based explanation for the cost observed when expecting (but not receiving)
full external memory support and a cost to memory that is not entirely explainable by study effort
modulation. Insights such as these are important for bettering our understanding of the monitoring
and control of memory and are broadly important as we continue to incorporate various

environmental supports into our day-to-day lives.
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Chapter 4
The following work is under review (Kelly et al., submitted).
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 cognitive
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 better 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 examined 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,
2023; Richmond et al., 2023; Risko et al., 2019; Sparrow et al., 2011; Storm & Stone, 2015). In
one variety of these external support paradigms, prior to study, half of the participants are
instructed that their externally stored (yet to-be-remembered) information 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 depending on
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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 information will be
available compared to when told it will be unavailable. This relative cost to unaided memory
performance 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 0.80 or
higher; e.g., Cohen, 1988; Kelly & Risko, 2019a; 2019b; 2022a; 2022b).° 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, 2023; 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 mnemonic 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

9 Although some have argued that there is ambiguity in interpreting even standardized effect sizes, we believe that
our doing so in the present work is warranted given that (i) we outline the specific context in which we are
examining the effects of interest and (ii) weare 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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worth the cost of investing effort (Shenhav et al. 2021). In the context of a memory task, retrieval
success would typically constitute a desired payoff of investing costly internal study efforts to
remember. When an external memory support containing the to-be-remembered information 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, individuals

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 explanation 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 evidence for the idea that study effort represents only a partial explanation, Kelly and
Risko (submitted) demonstrated that expecting partial support (participants received the beginning
portions of to-be-remembered items) demonstrated a clear cost to unaided memory performance
when compared 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 expecting no
external support. Therefore, the cost to memory performance 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.

84



The discussed findings have provided various insights into the evident cost to unaided
memory associated with expecting external support, and they have all done so in the context of a
recall paradigm. Although free recall and recognition 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 contexts
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 frequency,
Schwarts & Rouse, 1961; Shepard, 1967; semantic association, Cofer, 1967; Kintsch, 1966;
Anderson & Bower, 1972; incidental versus intentional learning, Anderson & Bower, 1972;
Dorbush & Winnich, 1964; Eagle & Leiter, 1964; Postman, Adams, & Phillips, 1955, although
see Popov & Dames, 2023a; 2023b; list-method directed forgetting, Sahakyan et al., 2009; 2013),

thus, suggesting that they differ in theoretically important ways.

One salient difference between free recall and recognition that is especially relevant to the
current work is that recognition tests provide more environmental support during 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 forgetting
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literature where directed forgetting is apparent in both free recall and recognition (item method;
Basden et al., 1993; MacLeod, 1999). Directed forgetting has been likened 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 both directed forgetting and the current offloading
memory procedures, internal memory is tested for items that presumably need 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 consistent with a
leading account of the intentional/directed forgetting 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 selectively more rehearsal (i.e., intentional
study effort) than “forget” items which can enhance both free recall and recognition (e.g., Rundus,

1971; Woodward et al., 1973).

Whereas we might expect an effect of offloading on recognition 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 influence

on recognition compared to free recall (Anderson & Bower, 1972; Dorbush & Winnich, 1964;
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Eagle & Leiter, 1964; Postman, Adams, & Phillips, 1955; though see Craik, 2023, Dames &
Popov, 2023). For example, intentional learning instructions 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, incidental learning instructions often lead to recognition memory
performance that is not worse (and is sometimes better) than under intentional learning instructions
(Anderson & Bower, 1972; Dorbush & Winnich, 1964; Eagle & Leiter, 1964; Postman, Adams,
& Phillips, 1955). According to the study effort hypothesis, 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 opportunity to distinguish between levels
of remembering (Basden & 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 targets 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. Manipulations at study have been
found to affect recollection items (items reported as “remember”) differently from familiarity
items (reported as “know”). For example, Basden and Basden (1996) found an effect of directed

forgetting on items reported as Remember'® but not in items reported as Know. According to a

10 They referred to these items as recollect items, however they take on the role of remember items as described
currently.
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study effort hypothesis, expecting external support should lead to lower rates of recollection than

expecting no such support.

The relation between study effort and familiarity is arguably less clear (and as such so are
the predictions for familiarity estimates based on the study effort hypothesis). Jacoby’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 expecting 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 phenomena 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) interpretation 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-remembered items.
During the initial three trials, participants were instructed that their lists of to-be-remembered
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words would be available to facilitate their memory at test, which was indeed the case. Thus, these
first three trials served to establish 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. Participants were
only given advance notice of this on one of the two trials. Our main interest is in comparing
recognition performance 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).

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 5, 6a, and 6b; 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 expectation 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.qg.,
Luetal., 2022, Park et al., 2022) in considering whether expectations of external memory support
influenced expectations of recognition memory performance and metacognitive accuracy in the

final experiment.
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Experiment 4
Experiment 4 was preregistered at osf.io/e2bxm.
Method

Participants

Data was 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 .80 (a = .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 conservative
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 randomly from a stimulus set of 300
(available at osf.io/y36p2). Word lengths ranged from 4 to 10 letters and word frequencies
ranged from 3 (inartistic) to 82060 (second) using FREQCount from SUBTLEX-UK (Van
Heuven et al., 2014) and from 1 (inartistic) to 21384 (friend) using FREQCount from
SUBTLEX-US (Brysbaert & New, 2009).%* Lists were counterbalanced across trial position (i.e.,

first through fifth) and across target and foil designations.

11 The SUBTLEX-US word frequencies were not available for the following words: midway, uncle, avenue,
chapstick, foundation, carpenter, stitch, harbor, matrix, raven; the SUBTLEX-UK word frequency was not
available for the word campground.
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Procedure

The experimental task was administered on desktop computers via E-Prime version 3.0
stimulus presentation software. Participants were invited in groups of 3-4 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 memory 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. Participants engaged in a total of 5 trials, three trust
trials wherein the external support was available at test as instructed, and, afterward, the two
critical trials wherein the external memory support 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 a list of 30 words one at a time;
these were displayed in white on a black background at the centre 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, participants completed a recognition
test which consisted of a total of 60 words, 30 studied items (targets) and 30 new items (foils). As
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mentioned, for the three trust trials (the initial three trials), all participants had access to their
external supports (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 supports
would be available when indicated given that this might not have matched their expectations for
what participation in a memory study would entail. Importantly, on the critical trials (the final two
trials), participants were not provided 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
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mostly on saved list', '3: Rely equally on saved list and own memory', '4: Rely mostly on own
memory', 'S: 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
participants 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 condition—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 inclusion/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 Ime4 (Bates et al., 2015)
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and ImerTest (Kuznetsova et al., 2017), and t-tests and mixed-model fitting for random effects
structures conducted using the stats package (R Core Team, 2023). For relevant analyses on
sensitivity (d’), extreme values of 0 or 1 for hit rate and false alarm rate were corrected by adding
.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 preregistration by reporting exploratory analyses comparing
performance 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 6 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 Experiment 4 are available at osf.io/y36p2.

Table 6. Experiment 4: Means and Confidence intervals for Hit rate, False alarm rate, and

Sensitivity across trials and conditions.

Hit rate False alarm rate Sensitivity
Trust Trial 1 .85 [.75, .88] .05 [.02, .17] 2.85[2.12, 3.11]
Trust Trial 2 .86 [.83, .89] .05 [.03, .08] 2.86 [2.61, 3.10]
Trust Trial 3 .85[.81, .88] .05 [.03, .08] 2.91[2.63, 3.19]
Told-no-store .85[.84, .91] .08 [.05, .11] 2.66 [2.38, 2.94]
Told-store .82 [.80, .87] .09 [.07, .14] 2.43[2.14, 2.74]

Note. Cls are bias corrected, bootstrap 95% Cls using 10,000 samples.

Hit Rate
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A paired samples t-test revealed no difference between the told-no-store condition and the
told-store condition [t(38) = 1.38, p =.174 d = 0.22]. Analogous mixed effects logistic regression
revealed that participants in the told-no-store condition were significantly more likely to respond
correctly to a target [b = 0.39, SE = 0.17, z = 2.37, p = .018]. Comparing final trust trial
performance (i.e., when the external support was available) with critical trial performances (i.e.,
when the external support was unavailable), paired-samples t-tests revealed no statistically
significant differences between the final trust trial hit rate and either external store condition (trust:
.85; told-no-store: .84; told-store: .82) [trust vs. told-no-store: t(38) = 0.24, p =.809, d = 0.04; trust
vs. told-store: t(38) = 1.86, p =.071, d = 0.30] although hit rate was numerically higher on the trust

trial in both cases.
False Alarm Rate

Paired samples t-test found no significant difference between external support conditions
for false alarm rate [t(38) = 1.11, p =.274, d = 0.18]. Analogous mixed effects logistic regression
revealed the same result [b = .01, SE = 0.30, z = 0.03, p = .974]. The final trust trial false alarm
rate was significantly lower than the false alarm rate for either external store condition (trust: .05;
told-no-store: .08; told-store: .09) [trust vs. told-no-store: t(38) = 2.70, p =.010, d = 0.43; trust vs.

told-store: t(38) = 2.46, p =.019, d = 0.39].
Sensitivity (d’)

There was no significant difference between external support conditions for discriminating
between targets and foils [t(38) = 1.64, p = .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:
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2.63; told-store: 2.43) [trust vs. told-no-store: t(38) = 2.48, p = .018, d = 0.40; trust vs. told -store:

t(38) = 3.65, p =.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 =.032, d = 0.36].
Post-task prompts

As mentioned at the end of the procedure, participants were prompted with two questions
meant to elicit the degree to which they intended to use external supports during the final two
critical trials. Exploratory analyses (not preregistered) comparing the difference in rating between
external support questions revealed that there was no significant difference in ratings [t(37) = 0.47,
p =.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 7 below

presents the breakdown for internal-external ratings for Experiment 4.

Table 7. Experiment 4: 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: Rely  2:Rely 3: Rely 4:Rely  5:Rely

only on mostly equally on mostly only on

(1:listto5:  saved  onsaved saved listand onown own
own list' list' own memory' memory  memory
memory)
Told store 3.87 2.6% 10.3% 12.8% 43.6% 28.2%
STt%'gno 4.00 00%  23.1% 7.7% 154%  53.8%
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Discussion

Experiment 4 tested whether expectations of external memory support would influence
recognition memory—that is, whether the cost of external memory store availability found
consistently in free recall would also manifest in recognition memory. Although most of the
analyses on the memory indices were not statistically significant, the results of Experiment 4 do
suggest that recognition memory can be negatively affected by expecting external memory
support. Those told that they could expect external support demonstrated 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
Experiment 4 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; 2022D).

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 demonstrated 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 predicted directions (i.e., higher false alarm rates and lower
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sensitivity on critical trials). However, this performance benefit associated with having the external
store available was 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 trials 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 et al., 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 strategy. 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
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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 support 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 5
Experiment 4 provided some (but certainly not overwhelming) support for an effect of
expecting external support on unaided recognition memory performance. In Experiment 5, 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 familiarity 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 conscious retrieval of the encoding context whereas familiarity is thought to reflect a quicker,
less detailed feeling. One method that has been used to index this distinction in recognition
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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, participants 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, Kazanas, & Altarriba, 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 hypothesis, then this cost should be apparent in reports
of recollection such that recollection estimates should be lower when expecting external support
compared to when not expecting support. In contrast, the study effort hypothesis would predict
that there is little cost to familiarity estimates, provided familiarity is less dependent on intentional,
effortful processes (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
Remember*? whereas items reported as Know showed no directed forgetting effect. Experiment 5

was preregistered at osf.io/ap2tr.

12 They referred to these items as recollect items, however they take on the role of remember items as described
currently.
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Method

The method of Experiment 5 was the same as that of Experiment 4 apart from the
implementation of the Remember/Know/New procedure instead of the standard Yes/No
recognition test used in Experiment 4. Here, participants were asked to make a “remember,”
“know,” or “new” response by pressing “R”, “K,” or “N” on the keyboard. 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 recollection 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 initial 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 undergraduate 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 .80 (a = .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 pandemic 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
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prior Experiment 4 sample size and the intent to replicate the investigation online in future

experiments.

As mentioned earlier, we implemented the independent 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 proportion of non-remember responses: F = p(“know”) / [1 — p(“remember”)]. These estimates
were each computed separately for targets and foils for each external support condition. 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 participants who did so were excluded

from the analyses involving familiarity estimates and we report when this was necessary.

Results

As in Experiment 4, our preregistered exclusion criteria included participants who (i) were
unable to follow procedures 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,
preserving power and avoiding a potentially overly restrictive criterion. All results were
qualitatively the same regardless 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”).
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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) x 2
(recollection vs. familiarity) ANOVA; however, because we were interested in the potential effects
of expecting support on each of recollection and familiarity regardless of whether these two effects
differed from each other (i.e., regardless of the significance of the interaction in the 2 x 2 ANOVA),
we followed up the ANOVA with separate paired-samples t-tests on recollection and familiarity
estimates to examine the effect of expecting external support (we did this in Experiments 6a and
6b as well despite not preregistering these analyses initially). Table 8 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 Experiment 5 are available at osf.io/y36p2.

Table 8. Experiment 5: Means and Confidence intervals for Hit rate, False alarm rate, and

Sensitivity across trials and conditions.

Hit rate False alarm rate Sensitivity
Trust Trial 1 .84 [.80, .87] 10 [.07, .16] 2.52[2.32, 2.70]
Trust Trial 2 .84 .81, .86] .08 [.05, .14] 2.65 [2.46, 2.82]
Trust Trial 3 .85 [.82, .88] .07 [.04, .14] 2.73[2.51, 2.94]
Told-no-store .86 [.85, .90] 14 [11, .24] 2.53[2.26, 2.79]
Told-store 82[.81, .87] 1411, .24] 2.29[2.05, 2.51]

Note. Cls are bias corrected, bootstrap 95% Cis using 10,000 samples.

Hit Rate
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A paired samples t-test revealed that the told-no-store condition had a higher hit rate than
the told-store condition [t(54) = 2.15, p = .036, d = 0.30] and analogous mixed effects logistic
regression confirmed the same result [b = 0.40, SE=0.17,z = 2.42, p =.016]. Exploratory analyses
revealed no difference between the final trust trial and told-no-store critical trial hit rate (trust: .85;
told-no-store: .86; told-store: .82) [t(54) = 0.50, p = .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 = .035, d = 0.29].
False alarms

A paired samples t-test revealed no significant difference between conditions for false
alarm rate [t(54) = 0.47, p = .642, d = 0.06]. Analogous mixed effects logistic regression confirmed
the same result [b = 0.12, SE = 0.18, z = 0.68, p = .498]. The trust trial false alarm rate was
significantly lower than the false alarm rate for either external store condition (trust: .07; told-no-
store: .14; told-store: .14) [trust vs. told-no-store: t(54) = 4.44, p < .001, d = 0.60; trust vs. told-

store: t(54) = 4.04, p <.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 = .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 =.022, d = 0.32; trust vs. told-store: t(54) = 4.48, p <.001,

d = 0.60].

Correct response time (ms)
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There was no significant difference in correct response times between external support

conditions (told-no-store: 1119; told-store: 1162) [t(55) = 1.19, p =.238, d = 0.16].
Recollection and Familiarity

Targets. A 2 (told-no-store vs. told-store) x 2 (recollection vs. familiarity) ANOVA
demonstrated no main effect of condition (told-no-store: .53; told-no-store: .53) [F(1, 48) < .01, p
= .984, nc? < .01], no significant main effect of process (recollection: .58; familiarity: .48) [F(1,
48) = 2.12, p = .152, ne® = .02], and no significant interaction such that the effect of external store
expectations was not significantly different between recollection and familiarity estimates
(recollection: .04; familiarity: = -.04) [F(1, 48) = 3.43, p = .070, nc? < .01]. Paired samples t tests
(not preregistered) on the effect of expecting support on recollection and familiarity estimates
revealed no clear effect of expecting support on recollection [t(48) = 1.68, p = .100, d = 0.24] or

familiarity [t(48) = 1.05, p = .299, d = 0.15] estimates.

Foils. A 2 (told-no-store vs. told-store) x 2 (recollection vs. familiarity) ANOVA
demonstrated no main effect of condition (told-no-store: .09; told-store: .09), F(1, 48) <0.01, p =
.970, nc? < .01, a main effect of process such that the estimates for recollection were lower than
for familiarity (recollection: .06; familiarity: .11) [F(1, 48) = 10.43, p = .002, ne? = .03] and no
interaction (recollection: < .01; familiarity: < .01) [F(1, 48) = 0.23, p = .633, ne? < .01]. Paired
samples t tests (not preregistered) on recollection and familiarity estimates revealed no effect of
expecting support on recollection [t(48) = .48, p = .634, d = 0.07] or familiarity [t(48) = 0.28, p =
.781, d = 0.04] estimates.

Post-task prompts
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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 5 [t(51) =0.47, p = .640, d = 0.07]. Table 9 below presents the breakdown for internal-

external ratings for Experiment 5.

Table 9. Experiment 5: 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: Rely  2:Rely 3: Rely 4:Rely  5:Rely

only on mostly equally on mostly only on

(1:listto5:  saved  onsaved savedlistand onown own
own list' list' Own memory' memory — memory
memory)
Told store 3.87 3.6% 9.1% 14.5% 38.2% 30.9%
Told no
store 3.96 5.5% 7.3% 20% 18.2% 47.3%
Discussion

In Experiment 5, we found results consistent with Experiment 4 that more clearly supported
a cost of external memory support on recognition. We found a clear effect of condition on hit rate,
and no clear effect on false alarm rate. Unlike in Experiment 4, there was a significant effect of
condition on sensitivity, and no effect on correct response times. That is, in Experiment 5, we
found additional evidence of a small cost (d = ~.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.
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Critically, we sought to extend the examination of Experiment 4 by breaking recognition
memory down further into recollection and familiarity processes in Experiment 5. This was based
on the idea that a study effort hypothesis would predict that recollection estimates would be lower
for those expecting support than for those expecting no such support. We did not find much
evidence for this idea. When testing this for studied items (“targets”), there was no significant
interaction between support condition and process type, although the differences (.04 vs. -.04)
suggested that while recollection estimates were lower when expecting 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 4, 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 compared 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 4, false alarm rate and sensitivity

showed significant differences in the predicted directions (i.e., higher false alarm rates and lower
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sensitivity on critical trials). Thus, performance was better with the external store, but not much
better. Also like Experiment 4, 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 differences between these conditions
(Kelly & Risko, 2022a). Again, there could have been some confusion in interpreting the
questions, given that for the told-no-store condition, 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 6a & 6b
Experiment 5 demonstrated clearer evidence than Experiment 4 that expecting external
support influences recognition memory. However, there was little support for a study effort
hypothesis in terms of an effect of expecting support on recollection processes. In Experiments 6a
and 6b, we aimed to put these results on stronger footing via two replications with larger sample
sizes. Experiment 6a was replicated in Experiment 6b, thus, the method and results are described

together. Experiments 6a and 6b were preregistered at osf.io/5p8m4 and osf.io/kx835 respectively.

Method

Participants
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Participants were undergraduate psychology students taking part for course credit. For
Experiment 6a, data from N = 90 participants were collected and analyzed based on an a priori
power analysis with a desired power of .80 (a = .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
samples t-test in G*Power. For Experiment 6b, we preregistered N = 120 participants based on an
a priori power analysis with a desired power of .80 (a. = .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 6a were those of earlier experiments, just with 5 fewer words
per list (randomly determined) such that lists were 25 items long. In Experiment 6b, however, we
returned to using 30-item word lists using the same 300 words from Experiments 4 and 5 but
redrawing items randomly to generate 10 novel lists. Unlike Experiments 4 and 5, the remaining
experiments were collected online due to work-from-home protocols given the status of COVID-
19 pandemic. The procedure for Experiments 6a and 6b 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
to 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 determined at the level of the participant)

to mimic an accumulating list of items much like the procedure of using pen and paper in earlier
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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 to follow.

Results

All analyses followed the preregistration unless otherwise specified. As mentioned, due to
moving to online data collection for Experiments 6a and 6b, we preregistered the following
replacement of participants who met these exclusion criteria: (1) did not type at least 85% of words
for trials 2 to 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 give 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 6a, 13 participants were replaced due to not encoding at least 85% of study
words across trials 2 through 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 6b, 7 participants were removed due to not encoding at least 85% of study words
across trials 2 through 5, and 22 participants were removed due to not meeting the minimum of

80% hit rate on trials wherein external support was available (i.e., trust trials). One extra participant
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was collected in Experiment 6b, 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 conducting paired-samples t-tests on recollection and
familiarity to examine the effect of expecting external support as we had done in Experiment 5.
Eight participants in Experiment 6a and five participants in Experiment 6b 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 10 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 6a and 6b are available at

osf.ioly36p2.
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Table 10. Experiments 6a and 6b: Means and Confidence intervals for Hit rate, False alarm rate,

and Sensitivity across trials and conditions.

Hit rate False alarm rate Sensitivity

E6a: .92 [.90, 93] E6a: .03[.02,.05] E6a: 3.28 [3.16, 3.41]

Trust Trial 1
E6b: .92 [.91, .93] E6b: .04 [.02, .06] E6b: 3.33 [3.19, 3.45]
) E6a: .92 [.90, .93] E6a: .02 [.01, .04] E6a: 3.29 [3.16, 3.41]

Trust Trial 2
E6b: .90 [.89, .92] E6b: .03 [.02, .05] E6b: 3.19 [3.07, 3.30]
_ E6a: .92 [91, .94] E6a: .03 [.02, .05] E6a: 3.26 [3.12, 3.39]

Trust Trial 3

E6b: .90 [.88,.91] E6b:.04[.03,.07]  E6b:3.13[2.99, 3.26]

E6a: .85 [.83, .88] E6a: .11 [.08, .14] E6a: 2.49 [2.37, 2.79]
Told-no-store
E6b: .86 [.84, .88] E6b: .13 [.11, .17] E6b: 2.46 [2.25, 2.59]

E6a: .83 [.80, .86] E6a: .12 [.08, .14] E6a: 2.47 [2.28, 2.65]
Told-store
E6b: .83 [.82, .86] E6b: .15 [.12, .19] E6b: 2.22 [2.08, 2.42]

Note. Cls are bias corrected, bootstrap 95% Cls using 10,000 samples.
Hits

There was no significant difference in hit rate between the told-store and told-no-store
instruction conditions in Experiment 6a (told-no-store: .85; told-store: .83) [t(89) = 1.69, p = .094,
d = 0.18] but there was in Experiment 6b (told-no-store: .86; told-store: .83) [t(120) = 2.86, p =
.005, d = 0.26]. Analogous mixed effects models revealed the same results [E6a: b = 0.15, SE =
0.12,z2=1.23,p=.219; E6b: b =0.29, SE=0.10, z=2.80, p =.005]. In Experiment 6a, exploratory
analyses revealed hit rate was higher in the trust trial than for either external store condition (trust:
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.92; told-no-store: .85; told-store: .83) [trust vs. told-no-store: t(89) = 6.18, p <.001, d = 0.65; trust
vs. told-store: t(89) = 7.24, p < .001, d = 0.76. The same was found for Experiment 6b [trust vs.
told-no-store: t(120) = 3.42, p = .001, d = 0.31; trust vs. told-store: t(120) = 5.40, p <.001, d =

0.49] (trust: .90; told-no-store: .86; told-store: .83).
False alarms

There was no significant difference in false alarm rate between the told-no-store and told-
store instruction conditions in Experiment 6a [t(89) = 1.31, p = .195, d = 0.14] or Experiment 6b
[t(120) = 1.96, p = .052, d = 0.18]. Analogous mixed effects logistic regression revealed
qualitatively the same result in Experiment 6a [b = 0.19, SE = 0.11, z = 1.73, p = .083] but for
Experiment 6b, 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 = .005]. For Experiment 6a, false alarm rate was
lower in the trust trial than for either external store condition (trust: .03; told-no-store: .11; told-
store: .12) [trust vs. told-no-store: t(89) = 6.74, p <.001, d = 0.71; trust vs. told -store: t(89) = 6.65,
p <.001, d = 0.70]. The same was found for Experiment 6b (trust: .04; told-no-store: .13; told-
store: .15) [trust vs. told-no-store: t(120) = 8.21, p < .001, d = 0.75; trust vs. told-store: t(120) =

8.96, p <.001, d = 0.81].
Sensitivity

There was no significant difference in sensitivity between the told-no-store and told-store
instruction conditions in Experiment 6a [t(89) = 1.41, p = .161, d = 0.15], but there was in
Experiment 6b [t(120) = 3.04, p =.003, d = 0.28]. For Experiment 6a, 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)
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[trust vs. told-no-store: t(89) = 8.97, p <.001, d = 0.95; trust vs. told -store: t(89) = 9.76, p < .001,
d = 1.03]. Again, the same was found for Experiment 6b (trust: 3.13; told-no-store: 2.46; told-
store: 2.22) [trust vs. told-no-store: t(120) = 8.28, p < .001, d = 0.75; trust vs. told-store: t(120) =

11.14, p <.001, d = 1.01].
Correct response time (ms)

There was no significant difference in response times for correct responses between
conditions in Experiment 6a (told-no-store: 1512; told-store: 1534) [t(89) = 1.42, p = .159, d =
0.15] but there was a significant difference in Experiment 6b such that those in the told-no-store
condition had slower correct response times (told-no-store: 1603; told-store: 1478) [t(120) = 2.17,

p =.032.d =0.20].
Process estimates

Targets. In Experiment 6a, a 2 (told-no-store vs. told-store) x 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 the told-store condition (told-no-store: .59;
told-store: .55) [F(1, 89) = 4.29, p = .041, nc? < .01]. There was also a main effect of process such
that the estimates were lower for recollection than for familiarity (recollection: .51; familiarity:
.62) [F(1, 89) = 5.76, p = .019, nc® = .04]. The effect of external store did not differ between
processes (recollection: .05; familiarity: .02) [F(1, 89) = 1.05, p = .309, nc? < .01]. Paired samples
t tests (not preregistered) on recollection and familiarity estimates revealed a significant effect of
expecting support on recollection estimates [t(84) = 2.86, p = .005, d = 0.31] but not on familiarity

estimates [t(84) =0.72, p = .382, d = 0.08].
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In Experiment 6b, a 2 (told-no-store vs. told-store) x 2 (recollection vs. familiarity)
ANOVA demonstrated no main effect of condition on estimates (told-no-store: .57; told-store: .55)
[F(1, 115) = 2.12, p = .148, nc? < .01], and no main effect of process on estimates (recollection:
57; familiarity: .54) [F(1, 115) = 0.39, p = .532, ne? < .01]. The effect of external store condition
did not differ between processes (recollection: .03; familiarity: 0.01) [F(1, 115) = 0.35, p = .555,
ne? < .01]. Paired samples t tests (not preregistered) on estimates revealed a significant effect of
expecting support on recollection [t(115) = 2.17, p = .032, d = 0.20] but not on familiarity [t(115)

= 0.24, p = .662, d = 0.04].

Foils. In Experiment 6a, a 2 (told-no-store vs. told-store) x 2 (recollection vs. familiarity)
ANOVA demonstrated no main effect of condition (told-no-store: .05; told-store: .06) [F(1, 84) =
1.96, p = .166, ne? < .01]. There was a main effect of process such that the estimates were lower
for recollection than for familiarity (recollection: .03; familiarity: .09) [F(1, 84) = 27.45, p <.001,
ne® = .09]. The effect of external store did not differ between processes (recollection: -.01;
familiarity: -.01;) [F(1, 84) < 0.01, p = .957, nc? < .01]. Paired samples t tests (not preregistered)
on estimates revealed no effect of expecting support on recollection or familiarity estimates in
Experiment 6a [recollection: t(84) = 1.52, p =.132, d = .17; familiarity: t(84) =0.88, p = .382,d =

0.10].

In Experiment 6b, a 2 (told-no-store vs. told-store) x 2 (recollection vs. familiarity)
ANOVA demonstrated no main effect of condition (told-no-store: .07; told-store: .08) [F(1, 115)
=2.32, p =.130, nc? < .01]. There was a main effect of process such that the estimates were lower

for recollection than for familiarity (recollection: .06; familiarity: .10) [F(1, 115) = 8.33, p =.004,
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ne® =.02]. External store condition did not differ between processes (recollection: -.01; familiarity:
-.01) [F(1, 115) = 0.06, p = .815, nc* < .01]. Paired samples t tests (not preregistered) on estimates
revealed no effect of expecting support on recollection or familiarity estimates in Experiment 6b

[recollection: t(115) = 0.95, p = .343, d = 0.09; familiarity: t(115) = 1.20, p = .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 6a [t(88) = 6.32, p <.001, d = 0.67] and
6b [t(119) =9.61, p <.001, d = 0.88]. Many participants still reported a reliance mostly or only on
internal memory in both Experiments 6a (53.3%) and 6b (52.9%) for the told-store condition.

Table 11 below presents the breakdown for internal-external ratings for Experiments 6a and 6b.
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Table 11. Experiments 6a and 6b: 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:Rely  2:Rely 3: Rely 4:Rely  5:Rely
. ~onlyon mostly equally on mostly only on
(I1:listto5:  gaved  onsaved saved listand on own own
own list' list' own memory' memory — memory
memory)
Eb6a
Told-store 342 5.6% 13.3% 27.8% 40.0% 13.3%
Told-no-
oo 4.42 0.0% 6.7% 7.8% 222%  62.2%
E6b
Told-store 3.42 4.1% 18.2% 24.9% 38.0% 14.9%
Told-no-
Stzi no 4.60 0.0% 2.5% 8.3% 165%  72.7%
Discussion

In Experiments 6a and 6b, we aimed to elucidate the effects of external support on
recognition memory performance replicating the method of Experiment 5 in an online setting with
increased power. Overall, the evidence for an influence of expecting external memory support on
recognition memory was mixed. There was no significant cost to hit rate or sensitivity in
Experiment 6a but there was a significant cost to hit rate and sensitivity in Experiment 6b, the
latter paralleling the results of Experiments 4 and 5. There was no effect of external store condition

on false alarm rate across Experiments 6a or 6b, except for the mixed model analysis of Experiment

117



6b 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 6a suggested no significant effect of expecting support on correct response time (like
Experiment 5), which was not the case in Experiment 4 (wherein expecting no support
demonstrated significantly quicker correct response times) or in Experiment 6b (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
external support compared to those told to expect no support—that is, in the direction of a cost to
expecting external support. 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 6a and 6b, we continued our examination from Experiment 5 of the
potential influence of expecting external support on recollection and familiarity more specifically
and with increased power. Neither Experiments 6a or 6b demonstrated significant interactions
between external store condition and recognition process although, in both experiments, familiarity
demonstrated no effects of external store condition while recollection estimates demonstrated a
cost in the told-store condition compared to the told-no-store condition. Thus, there is some
evidence that expectations of external support affect recollection. What is less clear from the study

effort hypothesis is whether expectations of external support influence recollection significantly
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more than familiarity. That is, familiarity 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 5, 6a, and 6b suggest that if there is a differential influence of external
support expectations on recollection versus familiarity 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 expectations 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.

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 6a and 6b 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 6a and 6b. When rating the chosen strategy from external (relying on list
only) to internal (relying on own memory only), ratings in Experiments 6a and 6b 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 6a and 6b could reflect the different samples used (i.e., in person
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vs. online), the different implementations 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 7
In the earlier experiments, we derived a prediction from the study effort hypothesis that
expectations of external support could incur a cost to unaided recognition memory performance,
and in particular, to recollection. Given the evidence that such a cost seems “small,” we take a step
back in Experiment 7 to examine the extent to which study effort can explain this observed cost.
Thus, in Experiment 7 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 recognition memory.

Previous work has used study time allocation during self-paced study as an indicator of
study effort (e.g., Ariel et al., 2015; Kelly & Risko, 2022b; Mazzoni & Cornoldi, 1993; Metcalfe
& Kornell, 2005; Son & Metcalfe, 2000; Dunlosky & Thiede, 1998). Hence, in Experiment 7, we
test the study effort hypothesis 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 influencing recognition memory performance.

120



A secondary interest that we had in Experiment 7 was to explore the potential influence of
expecting external support 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., recognition 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 7 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 studied), 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 preregistration

for Experiment 7 is available at osf.io/gjgct.
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Method

Data from 118 participants 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 .80 (a = .05, two-tailed) to detect a Cohen’s d of ~ 0.25. The procedure generally follows that
of the prior experiments except that we moved away from the “Remember/Know/New” procedures
of Experiments 5, 6a, and 6b and returned to the Old/New response options from Experiment 4.
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 accurate 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 presented during study and ‘new’ to
items not presented during study.” Participants were then given the option to select 0 to 100% in
5% increments. Word items were identical to those of Experiments 4, 5, and 6b, with item lists
identical to that of Experiment 6b. As is the case throughout these experiments, lists appeared in
all trial positions (one through five) 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
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in the current context of recognition memory and given the potential confusion participants were

having with answering the prompts (particularly in the case of Experiments 4 and 5).

Results

We had the same exclusion criteria for participants as in Experiments 6a and 6b (and we
also relaxed the fourth criterion 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
participants did not provide critical trial predictions of performance: 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 and Hayes (2016) and conducted the critical mediation analysis 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
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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 recognition 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 & Creelman, 1991; Stanislaw & Todorov, 1999).

The preregistration for Experiment 7 differed from that of earlier experiments by
foregrounding mixed effects regression analyses over analogous paired t-tests where applicable.
Dues to an oversight, we did not preregister analyses on metacognitive predictions, so we deviate
from the preregistration by adding an analysis of the effect of external store condition on predicted
performance. All other analyses followed the preregistration unless otherwise specified. Table 12
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 7 are available at

osf.io/y36p2.
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Table 12. Experiment 7: Means and Confidence intervals for Hit rate, False alarm rate, and

Sensitivity across trials and conditions.

Hit rate False alarm rate Sensitivity
Trust Trial 1 931[.92, .94] .02 [.02, .03] 3.33[3.23, 3.43]
Trust Trial 2 .89 .88, .90] .03 [.02, .04] 3.14 [3.03, 3.25]
Trust Trial 3 91 .90, .93] 02[.01, .03] 3.32[3.21, 3.42]
Told-no-store 81[.79, .84] 15 [13, .18] 2.13[1.98, 2.29]
Told-store 75 [.73, .78] 16 [.14, .19] 1.83[1.69, 1.97]

Note. Cls are bias corrected, bootstrap 95% Cis using 10,000 samples.
Hit rate

There was a significant effect of condition on hit rate such that those in the told-no-store
condition were more likely to correctly identify a target as “old” than those in the told-store
condition [b = 0.47, SE = 0.08, z = 5.61, p < .001; t(119) = 5.31, p < .001, d = 0.49]. Exploratory
analyses revealed that trust trial hit rate was significantly higher than hit rate for either external
store condition (trust: .91; told-no-store: .81; told-store: .75) [trust vs. told-no-store: trust vs. told-

no-store: t(117) = 7.95, p <.001, d = 0.73; trust vs. told-store: t(117) = 11.14, p <.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=.066; t(117) = 1.57, p = .120, d = 0.14]. Trust trial false

alarm rate was significantly lower than false alarm rate for either external store condition (trust:
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.02; told-no-store: .15; told-store: .16) [trust vs. told-no-store: t(117) = 9.95, p < .001, d = 0.92;

trust vs. told-store: t(117) = 12.71, p <.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 sensitivity than those in the told-store condition [t(117) = 4.23, p <.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 <.001, d =1.29; trust vs. told -store: t(117) = 18.83, p <.001, d = 1.73].
Correct response time (ms)

There was no significant effect of external store condition on correct response time (told-no-

store: 1319; told-store: 1269) [b = 54.03, SE = 47.80, t = 1.15, p = .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 condition (told-no-
store: .09; told-store: .18) [t(117) = 2.85, p =.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 tendency to respond “yes” to items [told-no-store: t(117) = 2.71, p =.008, d =

0.25; told-store: t(117) = 4.94, p <.001, d = 0.46]

Percentage correct
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There was a significant effect of condition on percentage correct: Those in the told-no-
store condition performed better than those in the told-store condition [b = 0.04, SE = 0.01, t =

4.59, p <.001; t(117) =4.53, p<.001, d = 0.42].
Study time

The effect of condition on change in study time was significant 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 <.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 analyzing the actual
study time on the critical trials as a function of external support condition (told-no-store: 3342 ms
vs. told-store: 3020 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 <.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 preregistered) 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 significantly correlated with hit
rate [r(116) = .23, p = .011] and sensitivity [r(116) = .25, p = .007], but was not significantly

correlated with false alarm rate [r(116) = -.09, p = .347]. For the told-store condition, study time
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was significantly correlated with false alarm rate [r(116) = -.19, p = .035], and sensitivity [r(116)

=.25, p =.006] but not with hit rate [r(116) = .10, p = .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: .006, Clos (-
.001, .017)] and the effect of external store condition on hit rate [total effect: b = .06, SE = .01, t=
5.04, p <.001] remained robust when controlling for the mediator [direct effect: b = .05, SE =.01,

t=4.24, p <.001] (see Figure 10).

a*b = .006
Clgs [-.001, .017]
a=321.9 *** Study Time (ms) b<.001ns
Clgs [148.4, 495.4] Clgs [ <.001, <.001]
C = .060 ***
— Clgs[.036, .083] . .
Store Condition »{ Unaided Hit Rate
C’=.054 ***

Clgs[.029, .079]
Figure 10. Experiment 7: Study time as a mediator on the relation between external store

condition and unaided hit rate.

Note. * p < .05, ** p < .01, *** p < .001, ns: nonsignificant.
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Study time mediating sensitivity. Given an effect of external store condition on unaided
sensitivity, and an effect of external 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: .070, Clos (.015, .142)] and the effect of
external store condition on hit rate [total effect: b = .31, Clos (.159, .451), SE =.07,t=4.13,p <
.001] remained robust when controlling for the mediator [direct effect: b = .24, Clos (.081, .390),

SE = .08, t = 3.02, p =.003] (see Figure 11).

a*b =.070
Clos [.015 .142]
a=321.9 *** Study Time (ms) b<.001*
Clgs [148.4, 495.4] Clgs [ <.001, <.001]
C = .305 ***
o Clos[.159, .451] Unaided
Store Condition > e
Sensitivity
c’=.235**

Clos[.081, .390]

Figure 11. Experiment 7: Study time as a mediator on the relation between external store

condition and sensitivity.
Note. * p < .05, ** p < .01, *** p < .001, ns: nonsignificant.

Study time mediating percentage correct. Finally, we conducted 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:
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.008, Clgs (.001, .016)] and, again, the effect of external store condition on hit rate [total effect: b

= .04, Clgs (.021, .057), SE = .01, t = 4.31, p < .001] remained robust when controlling for the

mediator [direct effect: b = .03, Cles (.013, .051), SE = .01, t = 3.27, p = .001] (see Figure 12).

a=321.9 ***
Clgs [148.4, 495.4]

a*b =.008
Clys [.001 .016]

Study Time (ms)

Store Condition

C =.039 ***
Clgs[.021, .057]

b<.001*
Clgs [ <.001,<.001]

>

c’=.032 **
Clos[.013, .051]

Unaided
Percent Correct

Figure 12. Experiment 7: Study time as a mediator on the relation between external store

condition and percentage correct.

Note. * p < .05, ** p < .01, *** p < .001, ns: nonsignificant.

Predicted percentage correct

There was no significant effect of condition on predictions, t(115) = 1.08, p = .281, d =

0.10 (told-no-store: .52; told store: .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 <.001, d = 0.55 (told-no-store: .56; told

store: .48). In contrast, those in the told-store-first order condition predicted better memory upon
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losing expected support compared to expecting no support t(57) = 3.58, p = .001, d = 0.47 (told-

no-store: .48; told store: .53).

Metacognitive accuracy. Correlations of predicted and actual performance indices, with
the correlations being compared statistically as a function of external store condition, are presented
in Table 13 below. AIll correlations between predicted performance 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 correlations significantly differed as a function of external support
condition.

Table 13. Experiment 7: Relation between predictions of memory performance and actual
performance indices.

Index of memory performance

) False alarm  Sensitivity
% Correct Hit rate

rate (d)
Final trust trial 32 FFE .18 ns -.34 Fr* 35 Fr*
Told store 39 Fx* 25 ** -.28 ** 37 *x*
Told no store 33 FF* 15 ns .37 *F* .32 FF*
Statistical comparison between ns s s s

external store conditions

Note. * p < .05, ** p < .01, *** p < .001, ns: nonsignificant.
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Discussion

In Experiment 7, 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 7 provided clear
evidence of a cost to unaided recognition memory from expecting external support. Given this cost
of external memory support expectations to recognition memory, one of the main aims in
Experiment 7 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
recognition 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,

2022D).

In Experiment 7, 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 versus liberal) given that the lower memory

performance of the told-store condition suggests that participants have less evidence in memory to
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call upon during testing. In general, results suggest that participants tended to respond liberally (a
tendency to respond “old”) given that the positive ¢ values 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 current findings are consistent with the idea that individuals try to compensate
for the loss of expected support by maximizing 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 metacognitive
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 support (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 leading 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
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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 condition order. The effect of expecting external
supports on performance expectations appears more complex than predicting 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 current
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 7, we did find evidence that individuals are using the
external support during the trust trials. That is, like in Experiments 6a and 6b, it was clear in
Experiment 7 that performance indices were significantly better (i.e., higher hit rate and sensitivity,
lower false alarm rate) when the external 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, we found support for the idea that expecting
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external 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 understand 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 5, 6a, and 6b).

Our results are consistent with the idea that expecting external supports affects effortful
encoding processes 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 general effect of expecting external memory support in

recognition 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 patterns 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
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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).

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
condition. 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).

Some support for the idea that study effort has less influence on memory performance in
the context of recognition comes from comparing the relation between study effort (study time)
and performance between Experiment 7 of the current work and earlier work by Kelly and Risko
(2022b). In Experiment 7 of the current work, correlations between study time and performance
indices were r = .23 for hit rate, r = -.08 false alarm rate (not significant) and r = .25 for sensitivity
in the told-no-store condition. For the told-store condition, correlations between study time and
performance indices were r = .10 for hit rate (not significant), r = -.19 for false alarm rate and r =
.25 for sensitivity. Although not reported, using the recall data of Kelly and Risko (2022b) posted
to OSF, the correlations between study time and performance were r = .28 (E1a) and r = .38 (E1b)
for the told-no-store group and r = .41 (Ela) and r = .40 (E1b) for the told-store group. While it

may not be advisable to statistically compare these given design differences, the correlations
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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 available), 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 experiments; in later experiments, it still did not
exceed 95% unlike in prior work using free recall tests (e.g., Kelly et al., 2019a; 2019b; Kelly &
Risko 2022a; 2022b, Lu et al., Park et al., 2022). Furthermore, throughout Experiments 4 to 6b,
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 memory 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 different 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 recognition 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
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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 external store, then
electing not to use the external store seems rational, given that use itself could be associated with

Ccosts.

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 information 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
recognition 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 potential influence of expecting support

on expected (predicted) recognition memory performance. We found that individuals provided
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predictions that generally correlated (and positively so) with their actual performance, suggesting
some metacognitive awareness of their recognition performance. At first glance, individual’s
predictions did not show a general cost 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 condition 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 findings 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 predict a benefit to recognition of having external support. We focus on
gathering predictions participants make on a trial where they had just found out that they had lost
their external store. Predictions of performance when individuals expect and do receive support
would provide insight into how beneficial individuals view the use of the external store in the

present task.
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
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recall. The current work also supports the idea that study effort reduction 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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Chapter 5
Concluding Remarks

Many of our memory goals would not be as easily attainable without the incorporation of
external memory supports. Within this dissertation, | have extended the unit of analysis beyond
the internal memory context of traditional memory research and have provided insights into how
the use of external memory supports affect memory and metamemory. It is clear from the current
experiments that memory performance can be enhanced by the availability of external supports
across different levels of support and different memory tasks, consistent with previous work (Ball
et al.,, 2022; Boldt & Gilbert, 2019; Fellers et al., 2023; Gilbert, 2015; Gilbert et al., 2023;
Grinschgl et al., 2021; Kelly & Risko, 2019a; 2019b; 2022a; 2022b; Lu et al., 2020; 2022,
Morrison & Richmond, 2020; Murphy, 2023; Park et al., 2022; Peper et al., 2023; Richmond et

al., 2023; Risko & Dunn, 2015; Scarampi & Gilbert, 2021).

Of critical interest, memory performance is reduced by the unexpected unavailability of
such supports across different levels of support and different memory tasks. This finding is
consistent with the idea that individuals are using the external support more as a replacement for
their internal memory—a substitutive use of external memory support—as opposed to as an
external backup for internal memory—a duplicative use (Risko et al., 2024). A major focus of the
dissertation was testing the degree to which this reduced memory performance from expecting
external support could be explained with reduced study efforts: the study effort hypothesis. The
study effort explanation for the cost to memory was based on prior work of mine suggesting that

phenomena thought to be more dependent on intentional mnemonic study efforts exhibited a larger
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cost compared to phenomena thought to be less dependent on such intentional study efforts (Kelly

& Risko, 2019a; 2019b; 2022b; see also Lu et al., 2022 and Park et al., 2022).

In Chapter 2, | presented a direct test of the study effort hypothesis as an explanation of the
cost to unaided memory of expecting external support. Across two preregistered experiments,
participants controlled their own study time and reported whether they used any intentional
strategies (Ariel et al., 2015; Dunlosky & Thiede, 1998; Dunlosky & Kane, 2007; Unsworth,
Miller, & Robison, 2019; Unsworth, 2016). Here, participants who were told not to expect external
support invested more study time on the critical trial compared to the prior trust trial, which was
not the case for those told that they could expect external support. Moreover, participants who
were told not to expect external support were significantly more likely to report use of a strategy
to facilitate remembering than were those told that they could expect support. These findings
support the idea that those told not to expect the external support invested greater study efforts on
the critical trial compared to those told that they could expect support. Hence, these results are
consistent with the study effort hypothesis. Furthermore, change in study time and strategy use
significantly mediated the relation between external support condition and unaided recall
performance on the critical trial, however, the direct effect of external support condition on recall
performance remained significant. Thus, the mediation analyses provided further support for the
study effort hypothesis, but also provided support for the idea that there could be other factors

contributing to the cost of expecting external support.

In Chapter 3, | extended the work of Chapter 2 by adding an intermediate level of external

memory support and eliciting expectations of memory performance through predictions.
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Specifically, the external support conditions included full support (study APPLE, expect APPLE
as support) and no support (study APPLE, expect nothing as support) as in prior work and Chapter

2, as well as a novel partial support condition (study APPLE, expect AP or APP as support).

As in earlier work, there was a clear cost of unexpectedly losing full support compared to
expecting no support, a cost that was partially mediated by study effort (as indexed by global study
effort rating and strategy report but not by study time), thus, the results were generally consistent
with a study effort hypothesis. With respect to the addition of the partial support condition, the
presence of partial support yielded generally better memory performance compared to expecting
and receiving no support, although the benefit was not as great as receiving full support. Critically,
when participants lost partial support, there was a cost to unaided memory performance, but this
cost was smaller than when participants had expected full support. Furthermore, there were no
differences across the study effort indices in the condition where participants received only two
letters of support and the no-support condition despite a clear cost to losing this support compared
to the no-support condition. This suggests the cost to memory in the partial-2 condition was not
due to reduced study efforts—hence, a novel cost of external memory support not consistent with

the study effort hypothesis.

In Chapter 3, predicted memory performance demonstrated a clear cost of expecting
external memory support indicating that participants expected to perform worse overall if an
external support was unexpectedly lost. In addition, across participants, there were positive
correlations between predicted and actual performance, suggesting some metacognitive insights

into how they would perform with and without the external support. Interestingly, in Chapter 3,
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predictions of unaided performance did not differ with degree of expected external support (full
vs. partial) despite observed unaided performance showing a graded cost as a function of support
level (i.e., losing full support demonstrated a greater cost compared to losing partial support). That
is, participants seemed to estimate a generic cost of losing expected support. Thus, while
individuals seem generally aware of the negative impact of losing an expected memory store, this

metacognitive insight appears to have blind spots.

In the final experiments of this dissertation (Chapter 4), I built upon the previous chapters
by testing whether the cost of external memory support occurred in recognition memory. This
work was motivated by the potential for the different levels of environmental support offered by
recognition compared to recall to differentially influence the cost to unaided memory, and
predictions made by the study effort hypothesis with respect to the effect of study effort on
recollection in particular (Basden & Basden, 1996; Jacoby et al., 1997; Mangels et al., 2001,
Ochsner, 2000; Ozubko et al., 2012; Yonelinas, 2002; Yonelinas & Jacoby, 1995). Across the five
experiments, | found evidence of a general cost to recognition memory performance of expecting
external support. Experiments 6a and 6b suggested that the cost to recognition memory was driven
by reduced recollection (versus familiarity; this finding would benefit from additional methods of
examining recollection vs. familiarity, e.g., ROC curve analysis; Ozubko et al., 2012; Yonelinas,
1994; 1997). In examining the effects of expecting support on study effort, | found a reduction in
study time during study that partially mediated the relation between expecting support and memory

performance indices. Hence, these results are, like earlier chapters, supportive of the idea that (i)
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study effort reductions can partially explain the cost observed to unaided memory of expecting

external support and (ii) more than study effort is contributing to these costs to unaided memory.

In examining the effects of external memory support on aspects of metacognition,
performance predictions were positively correlated with actual performance in both external store
conditions, suggesting a general awareness of unaided recognition memory ability regardless of
expecting external support. Performance predictions were mixed in that some participants (those
who experienced the told-no-store condition before the told-store condition) predicted a cost while
others predicted a benefit (those who experienced the told-store condition prior to the told-no-store
condition). More work is needed to understand the clearly complex consequences of losing support
on expectations of memory. These results contrast to some degree with the previous findings in
recall wherein individuals predict a clear robust cost of expecting support (Chapter 3; Kelly &

Risko, submitted; see also Lu et al., 2022; Park et al., 2022).

In Chapter 4, exploratory analysis of performance on trust trials compared to the critical
trials found that performance was similar (especially in Experiments 4 and 5 of Chapter 4),
suggesting that participants may not have been relying much on the external support during trust
trials—that is, when it was available. This was further supported by analyzing responses to two
post-task prompts meant to elicit ratings of the degree to which participants intended to rely on
their saved list (external memory) versus own memory (internal memory). Regardless of external
memory store condition, most participants across the experiments of Chapter 4 (~50% to ~ 70%
depending on experiment) reported that they intended to rely mostly or completely on their own

internal memory. This contrasts with earlier work by Kelly and Risko (2022a) where participants
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were asked the same question but in a recall test context. There, only 13% of the participants in
the told-store condition reported intending to rely mostly or completely on their own internal
memory. The results also appear to contrast with prior work suggesting a potential preference to
offload in a short-term recall memory task: Risko and Dunn (2015) found that individuals
frequently elected to save information externally for a set size of 2 items despite no observable
benefit to performance of doing so (similarly, see set size of 4 items from Morrison & Richmond,
2020). Overall, the results suggest that, for recognition memory, people seemed less likely to rely
on external support, contrasting with findings in a recall context and highlighting the idea that the
type of remembering required could greatly affect the use of an external memory support. This
could be due to differing retrieval demands between recall and recognition (e.g., environmental
support), and/or differing expectations of the cost of external support between recall and
recognition contexts, as hinted at by the clear costs predicted for recall versus the lack of clear cost

predicted for recognition.
Explaining the cost of expecting external memory support

Throughout the current work, study effort has consistently been able to account for the cost
of expecting external support—at least partially. This was found across multiple study effort
indices (Chapters 2-4; Kelly & Risko, 2022b; submitted; Kelly et al., submitted), varied levels of
external support (Chapter 3; though not Partial-2 in Experiment 3; Kelly & Risko, submitted), and
extended to recognition memory (Chapter 4; Kelly et al., submitted). Taken together, the findings
of this dissertation put the study effort hypothesis on strong footing as an explanation for the

memory cost. Another recurring finding was that the study effort hypothesis did not fully account
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for the cost observed to unaided memory when expecting external memory support. That is, as it
stands, study effort partially explains the cost to memory of expected external support. There are
at least two ways to interpret this result. One interpretation is that there could be additional
contributions to the cost that are not based on study effort. Another interpretation is that the effort
indices implemented throughout the dissertation did not completely capture “study effort” and,
hence, study effort could account for the entire cost if it were captured “completely.” I discuss

each interpretation more below.

With respect to the idea that there are additional contributions to the cost of expecting
external support, there are multiple feasible explanations that could be considered either in
isolation or in some combination with one another. One potential explanation brought up in
Chapter 2 was that the unexpectedly losing external support, as a violation of expectations, could
elicit strong affect such as surprise or alarm that could compromise one’s ability to recover the
studied information (e.g., Wessel et al., 2016). Another potential contribution to the cost is that
expecting support and learning of its unavailability reduce efforts at retrieval. For example,
individuals may invest less effort at retrieval because they are anticipating that their unaided
memory will be poor. Indeed, as noted above, individuals expect a clear cost of losing an expected
support, at least in a recall context. This belief could lead them to reduce retrieval efforts, thereby
reducing memory performance. Testing this retrieval effort explanation would be a productive area

for future work.

The partial support data in Chapter 3 suggest another potential additional contribution to

the cost of expecting an external support on unaided memory. In Chapter 3, | offered a kind of

147



transfer-appropriate processing explanation (e.g., Blaxton, 1989; Morris et al., 1977; Tulving &
Thomson, 1973) of the cost observed in the partial-2 condition despite no apparent difference in
study effort. | speculated that this memory cost could be due to study efforts being invested in a
strategy reliant upon the presence of partial support at test that did not transfer to the test without
support. This would explain the superior memory performance of partial-2 in the aided trials (when
they received the support) compared to the no-support condition and the cost in the unexpectedly
unaided condition despite equivalent effort. Extending this to the full support condition, this
transfer-appropriate processing type of account would suggest the effectiveness of the study
strategy in the full-condition was also highly dependent upon receiving the external support.
Specifically, this account would predict a cost to unaided memory given that the strategy at study
required the support to be available at test, even if people invested equal effort. This would also
yield the observed results of higher performance when the full support was available on the aided
trials compared to having no support, but worse performance when the full support was

unexpectedly unavailable.

As stated above, the unexplained part of the cost to memory of expecting support could
also reflect the present indices of study effort not being able to fully capture “study effort.” The
effort indices used throughout were varied in that they included behavioral (e.g., study time) and
self-report (global ratings of effort and strategy) measures, however, it of course remains possible
that effort at study is not completely captured by such indices. Additional measures of study effort
could include behavioral and self-report indices like in the current work, as well as more

comprehensive effort scales (e.g., NASA Task load Index; Hart, 2006; Hart & Staveland, 1988),
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psychophysiological indices such as pupillometry (da Silva Castanheira et al., 2021; Laeng &
Alnaes, 2019), or neural correlates (e.g., Skvortsova et al., 2014). Increasing the range of study
effort indices in future work could help determine whether the current indices were not capturing
study effort fully, whether such additional indices of effort are needed to fully capture “study
effort” and, if so, whether these indices then fully account for the cost to memory of expecting

external support.

Despite the cost of expecting support not being entirely explained by the study effort
hypothesis, the current collection of work has reliably provided evidence that reduced study efforts
can account for at least some of the cost of expecting external support and, importantly, has done
S0 across a range of support contexts and remembering conditions. Thus, the research in this
dissertation supports the study effort hypothesis as one valid explanation of the resulting memory

cost.
Effects of expecting external memory support on metacognition

In addition to effects on memory, the current work also provided insights into the influence
of expecting external support on aspects of metacognition (i.e., predictions of performance and the
accuracy of those predictions). At the aggregate level, people generally demonstrated positive
correlations between predictions and performance when the support was available (i.e., trust trials),
and when support was expected or not expected but unavailable (critical trials). Moreover, they
generally seemed aware that there is a cost to expecting support in free recall. However, results
also revealed potential gaps in metacognitive awareness. Individuals did not predict the graded
cost to memory performance as a function of degree of expected support (Chapter 3; Kelly &
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Risko, submitted) and did not, in general, predict the significant cost to recognition memory
(Chapter 4; Kelly et al., submitted). That is, across Chapters 3 and 4, there was evidence for a
common inability for predictions of performance to reflect subtler patterns in observed

performance.

Despite some metacognitive issues raised above, those who unexpectedly lost their support
were still able to make predictions of unaided performance that positively correlated with unaided
performance, suggesting a general awareness of unaided performance despite the loss of the
expected support. That said, in this dissertation, the experiments of Chapter 3 found that
individuals expecting full support demonstrated significantly lower correlations between predicted
and observed performance compared to those expecting no support. In contrast, the findings of
Chapter 4 did not indicate any effects of expecting support on the correlation between predicted
and observed performance. Of course, the work of Chapter 4 was in the context of recognition
memory and deviated in a number of other ways compared to prior research focused on free recall.
The suggestion that expecting support (i.e., full support, in the case of Chapter 3) reduces
metacognitive accuracy compared to no support aligns with other related work supporting the idea
that expecting external support reduces metacognitive accuracy for unaided performance (e.g., Lu
etal., 2022; Park et al., 2022). Further work is needed to establish how general this negative effect

of expecting external support is on metacognitive accuracy.

General Conclusions
Through a systematic examination of the cost of expecting external memory support, this

dissertation paints a nuanced picture of a common but largely unexplored aspect of human
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remembering. When available, external memory supports lead to benefits in memory performance
relative to internal memory alone, but when unexpectedly unavailable, they lead to costs in
memory performance compared to expecting no support. These costs to memory can be explained,
at least in part, by a study effort hypothesis. Results also suggest, however, that some of the
memory cost is not easily explainable with reduced study efforts. In examining the influence of
expecting support on metacognition, individuals have an overall awareness of their performance
and that the cost to memory is moderated by the type of test (recall vs. recognition). At the same
time, metacognitive awareness of performance in these more distributed memory contexts shows
limitations. Thus, across a variety of conditions and contexts, this dissertation has provided a
number of theoretical insights regarding our use of these external supports and has established the

study effort hypothesis as a partial explanation for the memory cost of expecting external support.
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