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Toward a Better Understanding of Costs in Prospective Memory:
A Meta-Analytic Review

Francis T. Anderson, Michael J. Strube, and Mark A. McDaniel
Washington University in St. Louis

In prospective memory (PM) research, a common finding is that people are slower to perform an ongoing task
with concurrent PM demands than to perform the same task alone. This slowing, referred to as costs, has been
seen as reflecting the processes underlying successful PM. Historically, costs have been interpreted as
evidence that attentional capacity is being devoted toward detecting PM targets and maintaining the intention
in working memory; in other words, the claim is that participants are monitoring. A new account, termed delay
theory, instead suggests that costs indicate a strategic speed/accuracy adjustment in favor of accuracy,
allowing more time for PM-related information to reach its own threshold. Taking a meta-analytic approach,
we first review studies in the PM literature that have reported ongoing task performance, both with and without
a concurrent PM task, identifying key factors suitable for the meta-analysis. Next, we analyze the data of these
studies, using our factors as moderators in a series of metaregressions, to determine their impact on the
presence or magnitude of PM-related costs. Finally, we interpret the results of the meta-analysis from both
monitoring and delay perspectives in an effort to better understand the nature of costs and what they reflect
about the underlying cognitive processes involved in PM.

Public Significance Statement
This meta-analysis supports general findings in prospective memory (memory for to-be-performed
intentions) that retrieval can be accomplished by two different routes. Provided that cues are
processed in the focus of attention, retrieval can be relatively automatic and does not require any
behavioral adjustment. However, if cues do not grab one’s attention, extra processing (rehearsal or
delay) is necessary for successful prospective memory.

Keywords: prospective memory, delay theory, multiprocess theory, meta-analysis, costs

Prospective memory (PM) is an individual’s ability to remember
to perform delayed intentions. PM is paramount to understand not
only because of its prevalence in occupying our thoughts (Ander-
son & McDaniel, 2019a), but also because people frequently forget

their intentions, both important and not (Crovitz & Daniel, 1984).
Critically, poor PM can result in consequences ranging from
life-threatening failures such as a parent forgetting an infant in the
backseat of a car or a surgeon leaving forceps inside of a patient,
to minor failures such as forgetting a particular grocery item
(Dismukes, 2012). A better understanding of the cognitive pro-
cesses underlying PM is therefore critical in seeking to prevent our
many mundane failures, as well as the (thankfully) more rare and
devastating ones.

In laboratory paradigms, PM could be characterized within a
dual-task framework. That is, participants possess an intention
(such as pressing a particular key in response to a target stimulus)
that is embedded within the context of an ongoing task (such as a
lexical-decision task; LDT). In this scenario, the stimuli contain
features relevant to performing the ongoing task on every trial, but
on some trials the stimuli also contain features indicating the
presence of a PM target. For example, given an ongoing LDT and
the PM intention to press the Q key whenever a string of letters
appears containing the syllable tor, to be successful on the PM task
participants must evaluate the stimulus both in terms of its lexi-
cality (is this a word or not?) and in terms of its syllabic content
(does this stimulus contain tor, as in senator?). Appropriately
suspending the ongoing task response in favor of making a PM
response when tor appears indicates successful PM retrieval. This
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parallels real-world PM in that people must often remember to
perform a delayed intention that has been “set aside for later,” and
successful execution of the PM task is only possible by interrupt-
ing other ongoing activities at the appropriate moment. For exam-
ple, given a surgeon’s intention to remove the forceps from a
patient before suturing them closed, the surgeon may have to
suspend other activities like explaining the procedure to an intern
or chatting with another member of the surgical team.

Since this laboratory paradigm was first developed by Einstein
and McDaniel (1990), a large body of research has used it to better
understand the cognitive underpinnings of successful PM retrieval.
An influential adaptation of this paradigm considered the possible
impact of PM demands on ongoing task performance, rather than
considering PM performance alone (Burgess, Quayle, & Frith,
2001; Smith, 2003). In addition to having participants perform a
PM task and the ongoing task concurrently (PM block), Smith
(2003) had participants perform the ongoing task in the absence of
any PM demands (control block). Participants were significantly
slower to perform the ongoing task with a concurrent PM task than
to respond to the ongoing task alone. This slowing, termed costs,
has been seen as implicating processes relevant to the eventual
performance of the PM task. Numerous studies following Smith
have attempted to better understand what processes are reflected in
costs and how these processes may or may not benefit PM re-
trieval.

Theoretical Approaches

Monitoring Views

The PAM (preparatory attentional and memory) theory of PM
retrieval, proposed by Smith (2003), contends that people must
engage preparatory attentional processes to successfully detect the
PM cue; otherwise, the stimulus will only be considered as an
ongoing task item and the PM target will be missed. The nature of
these preparatory processes (hereafter referred to as monitoring)
has been described as requiring “some level of nonautomatic
monitoring of the environment for the occurrence of prospective
memory target events” (Smith, 2003, p. 349) and “may include
rehearsal of the prospective memory target events” (Smith &
Bayen, 2004, p. 757). Thus, according to PAM theory, people must
devote limited-capacity attentional resources toward maintaining
the activation of the PM intention (perhaps via rehearsal) and/or
scanning for features relevant to the PM target (target-checking;
see Guynn, 2003), thereby reducing the resources available for the
ongoing task.1 As follows, PAM theory states that monitoring
results in costs (slowed response times) to the ongoing task, and
without the engagement of these processes the PM target event
will be missed.

Regarding the qualities of strategic monitoring processes spe-
cifically, Guynn (2003) proposed a two-process model which
includes the constant maintenance of a retrieval mode (i.e., main-
taining increased activation of the PM goal and context) as well as
explicit target-checking behavior either before or after making an
ongoing task decision. Therefore, under Guynn’s model, costs are
assumed to reflect increased sensitivity to interpret incoming in-
formation as cues for prospective memory actions, which may be
followed by target-checking (e.g., assumed if large costs are pres-
ent) or may not (e.g., assumed if there are only small costs). Both

behaviors are “costly” in that they depend on limited-capacity
attentional processes, but in the Guynn model the engagement of
a retrieval mode naturally precedes the possibility of target-
checking.

A finding that challenged PAM theory’s assumption that
attention-demanding processes are required for PM target detec-
tion is that costs to the ongoing task can be eliminated under
particular conditions, yet PM accuracy remains high (Einstein et
al., 2005; Harrison & Einstein, 2010; Scullin, McDaniel, Shelton,
& Lee, 2010; Scullin, McDaniel, & Einstein, 2010). Under the
multiprocess theory of PM (McDaniel & Einstein, 2000, 2007), an
alternative process, spontaneous retrieval, can facilitate PM in the
absence of costs. McDaniel and Einstein characterized spontane-
ous retrieval as a reflexive, relatively automatic process that can
reliably occur even without monitoring, so long as the cue is
processed fully in the focus of attention. Often conceptualized as
the intention “popping into mind,” spontaneous retrieval is con-
sidered a bottom-up retrieval process, unlike monitoring which is
a top-down process reliant on executive control. Critically, the
multiprocess view assumes that spontaneous retrieval is an alter-
native process, and participants must often rely on monitoring to
detect PM targets (we expand on the factors that lead to a relia-
nce on monitoring or spontaneous retrieval in later sections). All
three monitoring theories (PAM, two-process, multiprocess) there-
fore converge in that when PM costs are present, participants are
assumed to be engaging in limited-capacity monitoring processes.
Multiprocess theory significantly diverges, however, in the con-
tention that when costs are absent and PM is high, the mechanism
supporting PM is spontaneous retrieval.

Delay Views

Until recently, PM researchers’ theoretical interest in costs only
regarded whether they were present or absent, as a way of inferring
the engagement of monitoring behavior (with few, if any, disput-
ing this theoretical inference). In the last few years, however, this
dominant interpretation has been called into question by the delay
theory of PM costs (Heathcote, Loft, & Remington, 2015; Loft &
Remington, 2013). Instead of interpreting costs as reflecting
resource-demanding, top-down, attentional processes, Heathcote et
al. (2015) viewed costs as a strategic adjustment to participants’
response caution. That is, when a concurrent PM demand is
present, participants intentionally slow responding to allow more
time for PM-related information to accrue, so as not to be pre-
empted by the ongoing task response. Under this model of costs,
ongoing task information and PM information accumulate in par-

1 In more recent work (e.g., Smith et al., 2017), PAM theory has been
expanded, further specifying that an attention capturing event or context
could stimulate activation of the intention even if it has not been actively
maintained. Once the salient event has captured attention, limited capacity
resources are required to actually retrieve the PM intention, but costs would
not be observed until the attention capturing event or appropriate context
has occurred (i.e., participants do not have to maintain a constant state of
monitoring). These additional considerations, which are part of the more
recent expositions of PAM theory, are not relevant to the present analyses
because we are largely examining paradigms without an attention capturing
event or relevant contextual features during the ongoing task that activate
the intention. The few studies that use these paradigms (e.g., salient target
events or specifying the context in which PM targets will occur) are
collapsed together with the many studies that do not.
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allel in a race to reach their respective response thresholds. Which-
ever accumulation process reaches threshold first initiates a re-
sponse; therefore, if ongoing task information “wins the race” to
threshold, a PM response will not be made and the target will be
missed. Delay theory is largely based on the analysis of response
time and accuracy data using accumulator models (Ratcliff diffu-
sion model, Ratcliff, 1978; linear ballistic accumulator model,
Brown & Heathcote, 2008); Heathcote et al. found that the addi-
tion of PM demands to the ongoing task selectively raised a
parameter related to response caution (decision threshold). Under
this view, participants make a strategic decision to slow down
responding during a PM block of trials, but the PM information
accumulates in parallel and does not tax cognitive resources. This
interpretation of costs departs significantly from the dominant
view that costs reflect attentionally demanding monitoring pro-
cesses.

More comprehensive descriptions can be found elsewhere (e.g.,
see Anderson, Rummel, & McDaniel, 2018; Strickland, Loft,
Remington, & Heathcote, 2018); here we briefly describe the
PM-related diffusion modeling efforts, as they have been tied to
delay theory and comprise the best evidence for delay theory thus
far. These models (we constrain ourselves to the Ratcliff diffusion
model for simplicity) decompose response times and accuracy into
a number of parameters, but three have been hypothesized to
reflect different cognitive processes underlying PM: decision
threshold (a), drift-rate (v), and nondecision time (t0). Given a
speeded, two-option forced-choice task (such as a LDT), the
decision threshold represents the amount of information required
before a decision is executed, drift-rate represents the speed at
which that information accumulates, and nondecision time repre-
sents the total amount of time on a trial devoted to all processes
other than decision-making (e.g., response execution and feature
encoding). Therefore, an increase in the decision threshold param-
eter reflects a more conservative speed/accuracy policy with both
accuracy and response times increasing. Increases in drift-rate
reflect both faster and more accurate responding2 and increases in
nondecision time reflect slower responding without affecting the
decision process.

In PM research, diffusion modeling efforts have sought to better
understand costs by decomposing the ongoing task performance
both with and without the presence of a PM intention. Simply put,
are parameter values for the ongoing task during a PM block
different from the values during a control block? Regarding the
decision threshold parameter, every modeling effort to date has
reported increases in response caution to the ongoing task when a
PM task is embedded (Anderson et al., 2018; Ball & Aschen-
brenner, 2018; Boywitt & Rummel, 2012; Heathcote et al., 2015;
Horn & Bayen, 2015; Horn, Bayen, & Smith, 2011, 2013; Rum-
mel, Kuhlmann, & Touron, 2013; Strickland, Heathcote, Reming-
ton, & Loft, 2017; Strickland et al., 2018), and thus far these
findings have been the primary evidence in support of delay
theory. In addition to finding increased decision thresholds, Heath-
cote et al. (2015; see also Strickland et al., 2017, 2018) found no
change in drift-rates, which they interpreted to indicate that PM
tasks are not capacity-sharing with the ongoing task. To articulate
briefly, the hypothesis is that if PM tasks share capacity with the
ongoing task, then performing an embedded PM task should slow
the information accumulation of ongoing task information. Though
Heathcote et al. provided strong evidence that the addition of a PM

task increases decision thresholds and does not affect the drift-rate,
a number of studies have found a reduction in drift-rates (slower
information accumulation for the ongoing task) with the presence
of a PM task (Anderson et al., 2018; Boywitt & Rummel, 2012;
Horn et al., 2011, 2013; Rummel et al., 2013). A few studies have
also found that nondecision time (which reflects processes that
precede or succeed the actual decision-making) increases during a
PM block, leading some researchers to theorize that target-
checking behavior before or after an ongoing task decision has
been made could be funneled into this parameter (Anderson et al.,
2018; Horn & Bayen, 2015).

Expanding from delay theory, Strickland et al. (2018) outlined a
new model, called PM decision control theory (PMDC). This
model goes beyond delay theory by modeling the ongoing task
data and the PM task in conjunction with the ongoing task. Under
this view, there are two mechanisms that operate in tandem within
a PM experiment: proactive and reactive control. Borrowing from
the attentional control literature (Braver, Gray, & Burgess, 2007),
Strickland et al. proposed that proactive control is a strategic,
top-down bias favoring more cautious responding to the ongoing
task, via a higher decision threshold, throughout the experiment
(i.e., the mechanism underlying delay theory). They also allowed
the PM decision threshold to be affected by different factors,
which could differ between PM conditions. Further, they proposed
that reactive control involves inhibiting the ongoing task accumu-
lation process as more PM information accumulates and only
occurs on PM trials (see Strickland et al., 2018, p. 855). Under this
PMDC model, therefore, participants take a more cautious ap-
proach to the ongoing task (proactive control), can adjust the
amount of information required to determine whether or not the
stimulus is a PM target (e.g., perhaps setting a more liberal PM
threshold—proactive control), and as more evidence becomes
available that the stimulus might be a PM target, participants
inhibit the accumulation of incoming ongoing task information
(reactive control). Together, these processes work to increase the
likelihood that ongoing task information will not reach threshold
before PM information and preempt a PM response on target trials.

The delay views of PM costs are relatively new to the field, and
as such have not yet fully specified the cognitive behaviors un-
derlying the observed parameter changes when a PM task is added
to the ongoing task (cf. Anderson et al., 2018, for a parameter
validation study in PM). To allow a more nuanced and a priori
approach to theoretical evaluation of the PM-related cost patterns
(that emerge from the meta-analysis), we next sketch two plausible
instantiations of the general delay framework. We believe that
these instantiations are consistent with the general tenets of delay
theory and the evidence thus far presented by delay theorists.

Fixed PMDC. We term the first version that we outline as the
fixed PMDC: The decision thresholds for both the ongoing and PM
tasks are proactively set within the first few trials of an experiment
and are then fixed throughout. Thus, participants are assumed to

2 Generally speaking, differences in the drift-rate can index task diffi-
culty. For tasks with a relatively higher drift-rate on average, information
accumulates more quickly towards the correct boundary, assuming con-
stant drift-rate variability. With a slower drift-rate, however, variability in
the drift could cause the accumulation process to reach the wrong boundary
in error. Thus, tasks with higher drift values will be quicker and more
accurate than tasks with lower drift values (Ratcliff & Rouder, 1998).
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set an appropriately conservative decision threshold for the ongo-
ing task and an appropriately liberal one for the PM task. The key
assumption is that these parameters do not change in response to
the participant’s metacognitive evaluations as the experiment pro-
gresses (e.g., becoming aware that PM targets are very frequent).
The fixed model is plausible for three reasons. First, if participants
can set appropriate decision thresholds to detect PM targets, and
this behavior is not dependent on limited-capacity resources (see
Heathcote et al., 2015), then there is no compelling reason as to
why participants would choose to change this delay policy in the
middle of a block of trials. Second, it is uncertain what trial-to-trial
feedback participants would access that would stimulate dissatis-
faction with and changes to their delay policy. For instance,
participants would be unaware that they missed a PM target (we do
not know of any laboratory paradigms that provide participants
with feedback when they miss a PM target); consequently, even if
participants were inclined to change their delay policy in the midst
of PM trials, it is uncertain how they would determine what to
change (i.e., it is uncertain whether they would raise or lower their
threshold). Third, the statistical evidence in support of delay theory
thus far is comprised of comparisons made between blocks of
aggregated data, such as the observation that decision thresholds
are higher in a PM block than a control block, with no evidence for
fluctuations in this parameter.

Adaptive PMDC. Though a fixed PMDC model is plausible,
some theorists have claimed that costs do not follow a steady
pattern throughout a block (e.g., Ball & Brewer, 2018). That is,
participants’ monitoring/delay behaviors may be engaged some-
what transiently or fall off completely within a block of trials (e.g.,
the dynamic multiprocess framework; Scullin, McDaniel, & Shel-
ton, 2013), and this can be influenced by the metacognitive ex-
pectation of PM targets or limits on attentional capacity. There-
fore, another possible instantiation is an adaptive PMDC model:
The proactive decision thresholds for both the ongoing and PM
tasks are set within the first few trials of an experiment but
participants are then able to further adjust them based on newly
obtained information (e.g., becoming aware that PM targets are
very frequent). Under an adaptive PMDC model, people may gain
some insight during the experiment that causes them to up- or
down-regulate their response caution.

In the present article, we take a meta-analytic approach to better
understand the nature of costs in PM and interpret these costs from
the perspective of each theoretical viewpoint (globally referred to
as monitoring or delay views unless distinctions within these
theoretical families are specified; e.g., two-process or PAM view
of monitoring). By using meta-analytic methods, we can synthe-
size much of what we know about PM-related costs, and we can
establish reliable and concrete effects, some of which have not
been examined in individual experiments. These effects provide
benchmarks against which to consider the theories just outlined (as
has been done in the function learning arena; e.g., McDaniel &
Busemeyer, 2005). Thus, we first review studies in the PM liter-
ature that report response time data to the ongoing task with and
without additional PM demands. Next, we analyze the data of
many of these studies, coding for key design features that have
been theorized to differentially affect the presence or magnitude of
PM-related costs. We then interpret the results of this meta-
analysis from both the monitoring views (including the multipro-
cess assumption of a spontaneous retrieval route to PM) and the

delay views (fixed and adaptive PMDC), in an effort to better
understand the nature of costs and what they reflect about the
underlying cognitive processes involved in PM. Finally, we iden-
tify new research questions to further sharpen our theoretical
understanding of prospective memory processes.

Identifying Factors That May Influence the Presence
or Magnitude of Costs

Task Focality

As mentioned previously, the multiprocess theory interprets
high PM performance in the absence of costs as strong evidence
for the existence of a spontaneous retrieval process. However,
research clearly shows that successful PM cannot always be
achieved by spontaneous retrieval, and much work has focused on
identifying features of the PM task that can facilitate spontaneous
retrieval, or conversely require monitoring. One critical variable
that has been used in many studies is task focality, and it is defined
as the degree of processing overlap between the ongoing task and
the PM task (McDaniel & Einstein, 2000, 2007). There are two
levels of task focality: focal and nonfocal, which comprise a high
and low degree of overlap, respectively. When the ongoing task
processing overlaps highly with PM task processing the task is
considered focal; by contrast, if the processing overlap is low the
task is considered nonfocal. For example, given a lexical decision
ongoing task, which requires participants to assess the semantic
features of a string of letters, a focal PM task would be to press a
key to a particular word (such as rake). This is because determin-
ing whether or not a string of letters is a word encourages partic-
ipants to process what that word is, which aligns with the infor-
mation pertinent to the PM task. A nonfocal task, on the other
hand, would be to press a key if the string of letters contains the
syllable tor. Here the PM task is considered nonfocal because
determining whether or not the stimulus is a word (the ongoing
task) does not require the syllabic processing necessary to detect
the PM target (see Einstein & McDaniel, 2005, for further expli-
cation on the distinction between focal and nonfocal tasks).

According to the multiprocess theory, focal targets encourage
spontaneous retrieval via a reflexive-associative process. Taking
the previous example, full processing of the focal cue rake can lead
to spontaneous retrieval via the strong associative link (in episodic
memory) between the target and the intended action. The associa-
tive link between performing the PM task in the presence of a
nonfocal cue tor may be just as strong, but performing a LDT does
not encourage participants to process the syllabic content of the
stimulus, and thus whether or not the stimulus contains tor can
easily go unnoticed. In a nonfocal situation, therefore, extra pro-
cessing such as target-checking and active maintenance of the
intention is required. To put it another way, participants must now
effectively perform two judgments on the same stimulus: Is this
stimulus a word, and does it contain the syllable tor? Historically,
this extra processing has been inferred by the presence of costs to
the ongoing task.

Evidence supporting the distinction between monitoring and
spontaneous retrieval has been found in a number of studies
(Abney, McBride, & Petrella, 2013; Boywitt & Rummel, 2012;
Brewer, Knight, Marsh, & Unsworth, 2010; Cohen, 2013; Cohen,
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Jaudas, & Gollwitzer, 2008; Einstein et al., 2005; Harrison &
Einstein, 2010; Harrison, Mullet, Whiffen, Ousterhout, & Einstein,
2014; Rummel, Smeekens, & Kane, 2017; Scullin, McDaniel, &
Einstein, 2010; Scullin, McDaniel, Shelton, & Lee, 2010; Scullin
et al., 2013), all of which show no significant costs to the ongoing
task yet high PM accuracy for focal tasks. (It is critical to note that
the multiprocess theory makes no claims that participants will not
monitor with a focal task, only that monitoring is not required.
Thus, true tests of spontaneous retrieval must take measures to
eliminate monitoring in their participants; see Anderson, McDan-
iel, & Einstein, 2017, Table 1, for recommendations on how to
eliminate monitoring). By contrast, nonfocal PM tasks produce
costs to the ongoing task and relatively lower PM accuracy (Boy-
witt & Rummel, 2012; Horn & Bayen, 2015; Kominsky & Reese-
Melancon, 2017; Marsh, Hicks, & Cook, 2005; Scullin, McDaniel,
& Einstein, 2010; Scullin et al., 2013; Zimmermann & Meier,
2010). This dissociation has been taken as evidence for two dif-
ferent processes: spontaneous retrieval and monitoring. In a focal
condition, the view is that participants are able to rely on sponta-
neous retrieval processes without needing to monitor. In regard to
the lower performance in a nonfocal condition (despite showing
costs), the explanation is that because monitoring is cognitively
demanding participants may not be able to, or even want to,
engage in the degree of monitoring necessary to detect the PM
target on every occurrence.

From the perspective of the delay views (both fixed and adap-
tive), the difference between focal and nonfocal PM can be ac-
counted for by the accumulation rate of the PM task. Under
nonfocal conditions, the PM accumulation rate is presumed to be
slower than that of the ongoing task. Therefore, participants must
slow responding—yielding costs to the ongoing task—to allow
more time for PM information to accrue. Under focal conditions,
by contrast, the PM accumulation rate is presumed to be as fast or
faster than ongoing task information. In this case, PM information
wins the race against ongoing task information without needing
any adjustment to response caution (i.e., no costs), and recognition
that the stimulus is a target initiates a PM response before an
ongoing task response. Both Heathcote et al. (2015) and Loft and
Remington (2013) articulate this point, with Loft and Remington
claiming, “The simplest interpretation of these data is that the
speed at which evidence accrues for focal PM task response
selection (relative to ongoing task response selection) is faster than
the speed at which evidence accrues for nonfocal PM task response
selection” (p. 1444).

One important nuance in these findings that is not yet settled
regards the relation between costs and PM performance within
each type of PM task. That is, it is often not feasible to correlate
PM accuracy with costs, because of the typical use of (by neces-
sity) few PM trials (Marsh et al., 2005; McNerney & West, 2007;
Smith & Bayen, 2004). Focal PM tasks should not require costs to
achieve high PM performance, and therefore PM performance
levels should be immune to changes in costs. Nonfocal tasks,
however, should generally require prominent costs for achieving
high PM performance, and therefore PM should increase as costs
do. For instance, Loft and Humphreys (2012) obtained a significant
correlation between costs and nonfocal PM, but not with focal PM
(see also, Loft, Bowden, Ball, & Brewer, 2014); yet, significant
correlations are not always obtained (or feasible to obtain; e.g., Smith,
Hunt, McVay, & McConnell, 2007). The meta-analysis allows us to

confidently determine whether costs are differentially related to PM
accuracy in focal versus nonfocal tasks.

PM Onset Delay

The lag between encoding PM instructions and the actual pre-
sentation of a PM target (PM onset delay) varies markedly across
studies and has implications regarding the maintenance of ongoing
task costs. A hallmark feature of PM, both within and especially
outside the laboratory, is the opportunity for PM to leave conscious
awareness before eventual retrieval of the intention. Note, for
example, a typical scenario in which you form the intention to call
your mother later that day after you get off of work. There is a
substantial delay between encoding and the opportune moment in
which the intention must be retrieved (i.e., after you leave work).
If, by contrast, you form the intention and can immediately act
upon it (you just pick up the phone and make the call) then there
is no opportunity for PM demands to leave working memory. Graf
and Uttl (2001) have characterized the latter situation as a vigi-
lance PM task, rather than what they refer to as PM proper (what
we have been referring to as simply PM), and hypothesized that
vigilance tasks heavily favor the allocation of attentional resources
toward the PM task, whereas PM proper tasks maintain the focus
of attention toward the ongoing task.

It therefore stands to reason, from a monitoring viewpoint, that
this difference in attentional allocation would manifest itself in the
form of costs to the ongoing task. Specifically, tasks that approach
the vigilance side of a continuum (where PM demands draw the
most attention) should display greater costs than those PM tasks
that approach PM proper. This distinction could be indexed by the
length of the delay between PM instructions and the onset of the
PM cue. Specifically, if there is a short delay between encoding
instructions and experiencing a PM trial then people may devote more
attentional resources toward the PM task than they would if the task
had truly been “set aside for later” (long delay between encoding and
first target), and these attentional allocation policies should be re-
flected in costs (i.e., the longer the delay the lower the costs).

The few relevant experiments that have directly manipulated the
PM onset delay (and examined costs) are generally consistent with
the monitoring view’s expectation. Conte and McBride (2018) and
McBride, Beckner, and Abney (2011) manipulated PM onset delay
by waiting to present the first PM target later in the ongoing task,
and found strong evidence for a drop-off in costs after approxi-
mately 1–3 min of ongoing task responding with no PM target
presentation, as well as a corresponding decrease in PM accuracy
when the target did appear (see also Smith, Hunt, & Murray,
2017). McBride et al. (2011) also found that this decline in costs
followed a nonlinear function (an initially fast decline followed by
more a more gradual waning) and that PM performance closely
approximated this reduction in costs for a nonfocal condition. For
a focal condition, however, there was no effect of cue onset (and
the corresponding decline in costs) on PM performance.

Because direct manipulations of this factor are rare, the
present meta-analysis provides an informative evaluation of the
association between PM onset delay and costs. Critically, this
factor also provides special insight in distinguishing between a
fixed or adaptive PMDC model, because only the adaptive
model would predict any relationship between onset delay and
costs. If participants fix their decision thresholds at the begin-
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ning of the experiment (with no knowledge of when PM targets
will appear), then the recency (after the PM instructions) with
which they encounter a PM target should not affect their con-
servatism toward the ongoing task. Under an adaptive model,
however, participants may decide after a long delay (within
which no PM target is encountered) that maintaining a conser-
vative ongoing task decision threshold is not worth the time
required to detect PM targets (should they appear). It is impor-
tant to note that such a decision would be deliberate and not
dependent on limits to attentional capacity.

PM Trial Frequency

A similar, yet distinct, methodological feature of most PM
experiments is the frequency of PM targets in relation to the
number of ongoing task trials. The more PM trials there are, the
greater the incentive is for participants to adapt their typical
ongoing task behavior to also ensure detection of PM targets.
Because targets are more frequent, participants should display
greater recruitment of monitoring processes, resulting in higher
costs. Once again, the ratio of PM trials to ongoing task trials is
rarely manipulated. We are aware of only two studies that have
manipulated the frequency of PM targets (Czernochowski, Horn,
& Bayen, 2012; Loft & Yeo, 2007), both of which found greater
costs and better PM performance when the PM targets were
frequent as compared to when they were more rare. Thus, the
limited evidence appears to support predictions made from a
monitoring perspective. PM target frequency does change dramat-
ically across studies, however, and accordingly, our meta-analysis
will be able to more decisively ascertain the impact of PM target
frequency (with some as high as 25% PM trials; see the Appendix
for each effect’s PM frequency).

As with PM onset delay, participants do not possess knowledge
of the placement or frequency of PM targets at the beginning of the
experiment. Therefore, a fixed PMDC model should not be af-
fected by PM trial frequency, but an adaptive model might be. An
adaptive PMDC model might predict that participants down-
regulate their decision thresholds, speeding up their responding
and risking the possibility of missing PM targets, if they have some
awareness that the targets are infrequent. We should note, how-
ever, that these possible explanations from an adaptive PMDC for
effects of both PM onset delay and PM frequency assume that
participants have some awareness that PM targets are not being
presented. It is equally plausible, however, to think that partici-
pants could assume that they are missing targets that have
been presented (i.e., that the participant is failing to detect pre-
sented PM targets). That is, from the participant’s phenomenolog-
ical perspective, not encountering PM targets (because of a long
onset delay or infrequent targets) and failing to notice PM targets
is likely a very similar, if not identical, experience. Therefore, it is
also reasonable a priori, from the perspective of delay theory, that
participants could assume they were in fact missing targets and
accordingly choose to raise their decision threshold, thereby dis-
playing greater costs. Further, this could plausibly differ across
individuals. Irrespective of directionality, however, only an adap-
tive model would predict any relationship between costs and PM
onset delay or trial frequency.

Aging

Following some initial findings that PM may be preserved in
older adulthood under focal PM conditions (Einstein & McDaniel,
1990), many researchers have attempted to determine (a) if older
adults (OA) can attain similar performance to young adults (YA)
via a preserved spontaneous retrieval mechanism and (b) the
underlying source of impairment in OA for nonfocal tasks. Several
meta-analyses indicate that even focal PM is impaired in OA, and
that nonfocal PM shows much greater impairment (Kliegel, Jäger,
& Phillips, 2008; Uttl, 2008, 2011). The present analysis extends
those efforts by attempting to understand how costs relate to OA’s
worse performance. In general, OA are slower to respond to the
ongoing task regardless of the presence of additional PM demands.
However, some studies also have shown greater costs with age
(Ball & Aschenbrenner, 2018; Ballhausen, Schnitzspahn, Horn, &
Kliegel, 2017; Horn, Bayen, & Smith, 2013; West & Bowry,
2005), whereas others have not (Albiński, Sedek, & Kliegel, 2012;
Ihle, Ghisletta, & Kliegel, 2017; Jäger & Kliegel, 2008; May,
Manning, Einstein, Becker, & Owens, 2015; Mullet et al., 2013;
Smith & Bayen, 2006; Smith & Hunt, 2014). The meta-analysis
will address this discrepancy, aggregating across studies to provide
stronger evidence regarding whether OA show greater or equiva-
lent costs to YA.

According to the monitoring views, OA have impaired PM
performance (especially for nonfocal tasks) because of the reduced
cognitive ability associated with older adulthood. This is most
evident for nonfocal tasks, in which additional cognitive resources
are required for successful target detection. Thus, OA may find it
more difficult to sustain monitoring processes throughout the
ongoing task (see Ihle et al., 2017, for evidence that OA have
greater response time variability with PM demands) and are unable
to selectively attend to both tasks by virtue of reduced working
memory capacity (Rose, Rendell, McDaniel, Aberle, & Kliegel,
2010). Thus, given the reduced cognitive resources associated with
older age, OA monitoring behavior may be less efficient and
require equivalent or greater costs than YA. Though OA can be
worse than YA with focal tasks (Rendell, McDaniel, Forbes, &
Einstein, 2007), there is strong evidence that spontaneous retrieval
is preserved in OA, and therefore other factors likely contribute to
focal impairment (e.g., see Mullet et al., 2013).

When interpreting these findings from the delay views, it is
pertinent to note that OA often show a bias toward slower but more
accurate responding in LDTs, and that when modeled this can be
accounted for by a more conservative decision threshold (Ball &
Aschenbrenner, 2018; Ratcliff, Thapar, Gomez, & McKoon,
2004). Second, there is little evidence of drift-rate changes asso-
ciated with older age (see Ratcliff & McKoon, 2008, for a review).
It would therefore not be expected that OA have slowed PM
accumulation rates (drift-rates), when their accumulation for nu-
merous other types of information remains spared. Thus, given the
consistent age-related decrements in PM performance levels
(Henry, MacLeod, Phillips, & Crawford, 2004) and the established
age-related changes in information-processing parameters (for de-
cision thresholds but not accumulation rates), both delay views
should predict that YA would display greater costs (for nonfocal
tasks) than OA to accommodate the pattern of YA advantages in
PM relative to OA.
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Number of PM Cues

The number of unique PM cues that participants must remember
to perform is a feature of many PM experiments that is rarely
explicitly manipulated but often changes from study to study. It
was hypothesized by Einstein et al. (2005) that increasing the PM
load (i.e., more cues) could encourage participants to allocate
attentional resources toward monitoring due to an increase in the
perceived demands of the task, or because the actual demands
require maintaining their activation in working memory. When
Einstein et al. manipulated this factor, they found greater costs
with six focal PM cues (six different words) than with only one.
Cohen et al. (2008) further investigated this issue by using six
different conditions that gave participants between one and six
focal PM cues (one to six different words) and found a similar
pattern (see also Cohen, 2013). Importantly, neither Einstein et al.
nor Cohen et al. found a corresponding decline in PM accuracy but
Cohen (2013) did. For nonfocal tasks, the prediction is clearer:
What once required making two judgments (ongoing task decision
and PM target-check) now requires making three or more. Partic-
ipants must maintain all tasks in working memory, and also check
multiple stimulus features, which should result in a linear increase
in costs. However, to our knowledge this factor has yet to be
experimentally manipulated with nonfocal tasks.

Regarding the delay models, either a fixed or adaptive PMDC
can readily account for increased costs with more cues; increasing
the perceived demands of the PM task could encourage partici-
pants to allocate a more conservative decision threshold to the
ongoing task irrespective of focality (though setting appropriate
thresholds to detect PM targets should not depend on the number
of cues unless the number of cues impairs the PM information
accumulation rate). Thus, this factor is not theoretically diagnostic,
and the meta-analysis simply helps to establish benchmarks for
PM researchers.

The Present Meta-Analysis

Based on our review of the literature, there are a number of
factors that are prime candidates for meta-analysis either because
they change frequently from study-to-study but have been rarely
manipulated (number of PM cues, PM trial frequency, PM onset
delay), or because they are inconsistent, and aggregation may be
able to detect if there is a true effect (aging). In addition, these
factors help place constraints on the possible theoretical underpin-
nings of costs. Therefore, we will look for possible moderating
effects of the following factors on costs: focality, PM onset delay,
PM trial frequency, aging, and number of PM cues. In addition, we
will not only examine how these factors affect ongoing task costs,
but also if they interact with PM performance. For example, many
of the cost effects differ in terms of the PM performance they
produce, such as the drop-off in PM accuracy for nonfocal tasks
when costs are absent, yet focal PM accuracy remains high.

Finally, another unique benefit of meta-analysis is that a very
consistent but small effect may go unnoticed in each individual
study but is observable when all the data are analyzed simultane-
ously. An excellent candidate for meta-analysis, therefore, is the
cost of ongoing task accuracy from control to PM blocks (ongoing
task accuracy with no PM task compared to accuracy with a PM
task). It is especially important to assess the impact of PM on this
variable because (a) how PM affects ongoing task accuracy (an

equally important indicator of performance as response times) has
been little studied due to most ongoing tasks resulting in very high
accuracy, and (b) delay theory is largely based on the modeling of
both speed and accuracy, with an increase in decision thresholds
resulting in slower but more accurate responding. Based on Figure
1, if an increase in accuracy is present it is likely to be small,
requiring higher power than might be present in any individual
study. By collapsing across many studies, the meta-analysis will
have high power to detect whether ongoing task accuracy changes
in the presence of a PM task.

To recapitulate, the present meta-analysis is intended to synthesize
the patterns of costs reported across many empirical studies. A major
goal is to provide reliable benchmarks of cost patterns that can be used
to help characterize PM performance and that can be considered with
regard to theoretical claims from competing viewpoints. It should be
noted that the two families of theoretical viewpoints (monitoring and
delay views) make differing cost predictions for some of these factors,
and that in other cases the factors predict differing cost patterns within
families, and we have taken considerable time to detail these accounts
in preceding sections. As a between-family example, monitoring
views predict that OA should display equivalent or greater costs than
YA, whereas the delay views predict that OA should have smaller
costs than YA. Within-families, a fixed PMDC model predicts no
relationship between PM onset delay or trial frequency and costs,
whereas an adaptive model could accommodate such relationships. In
addition, both Guynn’s (2003) two-process model and PAM theory
predict that there must always be costs present, even with focal tasks,
to successfully detect the target, whereas the multiprocess theory
contends that costs are not necessary for high focal PM. However, we
should also highlight the fact that the present meta-analysis is not
intended to provide a decisive test of any individual theory, but rather
to further our understanding of costs in PM and to constrain the
existing theoretical viewpoints by the provision of benchmark effects.

Method

Study Selection and Criteria for Inclusion

We conducted a series of online searches using Boolean logic to
obtain studies for the present meta-analysis. First, we input “pro-

Figure 1. Number of studies reporting either a significant increase,
decrease, or no significant change in ongoing task accuracy from control
blocks/groups to prospective memory (PM) blocks/groups.
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spective memory” AND control AND (“response time” OR “task
interference” OR costs OR latency) into Google Scholar. Next, we
conducted a less constrained search in both PsycINFO and Scopus:
“prospective memory” AND (“response time” OR “task interfer-
ence” OR costs OR latency), as well as another search replacing
“prospective memory” with “prospective remembering.” Finally,
after noting that these criteria still neglected a few studies, we
conducted the following search in PsycINFO and Scopus: “pro-
spective memory” AND (“strategic monitoring” OR monitoring).
During the selection process, we also used reverse-citation meth-
ods and reference section comparisons (i.e., examined whether we
included articles that cited or were cited by a given study) for
articles considered central to the theoretical examination of costs.

Our search criteria were created in an effort to isolate studies
that have used either a control block of trials or a control group
(ongoing task only) as well as a PM block or PM group (ongoing
task plus PM task). We explicitly excluded studies that used
special populations, such as Parkinson’s patients. Thus, the list of
studies is constrained to cognitively normal children, adolescents,
YA, and OA. We also excluded studies (or particular groups from
studies) that used time-based PM tasks; thus, only event-based PM
effects are included. Time-based tasks differ significantly from
event-based tasks and are not methodologically comparable, de-
spite being theorized to heavily rely on monitoring processes
(McDaniel & Einstein, 2007).

Along similar lines, we believe that much of the power of a
meta-analysis results from having very similar methodologies
across studies. In this way, the conclusions of the meta-analysis
can be couched in terms of a dominant methodology and are
representative of those task features. Thus, readers may note that
we neglected to include some studies that meet our general criteria
(e.g., air-traffic control simulation studies, see Loft, 2014). It
should be noted that this is a personal stance on a controversial
topic in meta-analyses, and there are good arguments on both sides
for either electing to include a diverse set of methodologies or to
limit oneself to a dominant paradigm. As Borenstein, Hedges,
Higgins, and Rothstein (2009) put it,

The studies that are brought together in a meta-analysis will inevitably
differ in their characteristics, and the difficulty is deciding just how
similar they need to be. The decision as to which studies should be
included is always a judgment, and people will have different opinions
on the appropriateness of combining results across studies. Some
meta-analysts may make questionable judgments, and some critics
may make unreasonable demands on similarity. (p. 379)

Finally, it should be noted that we constrained our search to
published studies only and did not request unpublished data from
authors in the field. We made this decision for two reasons: (a)
published studies have been vetted through the peer-review pro-
cess, and presumably reflect those studies that have the highest
standards for methodological rigor, and (b) publication acceptance
typically does not hinge on studies obtaining the relevant cost
effect. That is, the presence or absence of costs should not differ-
entially affect a study’s likelihood of getting published, because
null cost effects are theoretically informative (as outlined in the
introduction). Therefore, we believe that publication bias should
be relatively small, if even present. Our final sample included 91
studies and a total of 289 effect sizes.

Coding of Moderators

Focality. Fortunately, most researchers have qualified whe-
ther their PM tasks are focal or nonfocal, and minimal coding was
required. However, in cases where the PM task was not specified
in terms of focality, we followed the criteria set by Einstein and
McDaniel (2005). Briefly, we asked the question, “In this case
does ongoing task processing facilitate PM task processing?” For
example, in LDTs particular words were considered focal, and any
other cue was considered nonfocal (e.g., syllable, first letter, cat-
egory membership, or color PM tasks). If the ongoing task was
color matching, then a focal task would be to respond to a partic-
ular color and any other cue was considered nonfocal (e.g., par-
ticular words or any of the aforementioned). In the few instances
(12 effects) that these criteria were difficult to apply, Mark A.
McDaniel author also independently coded the task focality.
Agreement was nearly perfect, but one coding was removed en-
tirely upon realizing that a focal and a nonfocal condition had been
combined during analysis (Smith et al., 2007, Experiment 1).

We should note, following suggestions made by some research-
ers, that focality can reasonably be construed as a continuum,
rather than a strict dichotomy (Knight et al., 2011). Given the
minimal amount of research devoted to assessing the validity of
this possible distinction, as well as to minimize the degree of
subjectivity in our coding, we instead chose to code focality as a
discrete variable. It should also be acknowledged that we coded for
target salience, because it has been suggested that even highly
salient nonfocal targets may be obligatorily processed and can thus
stimulate spontaneous retrieval (McDaniel & Einstein, 2000).
However, there were not enough effect sizes using highly salient
targets (N � 23) to meaningfully model, and we therefore collapse
across this variable in all analyses. (Salience codings can be found
online through the Open Science Framework. For the interested
reader, another variable, ongoing vs. PM task emphasis, similarly
had too few effects to model but is also available.)

PM onset delay. Our initial desire was to code the exact time
delay between encoding and presentation of the first trial. How-
ever, studies often did not report interstimulus interval or fixation
cross time to accurately estimate the average trial time. Further,
some studies report whether or not filler tasks between encoding
and execution were used, whereas others do not, and many do not
report the approximate time of these filler tasks. By contrast, most
studies did report the trial numbers of the PM targets, and we
therefore coded PM onset delay by the trial number on which the
first PM target appeared. In cases where a range was given (e.g.,
the target appeared within Trials 10–20) the median was coded as
the onset delay (e.g., Trial 15). For the purposes of analysis, to
make PM onset delay more comparable across studies which
varied widely in their number of trials, the first PM trial number
was divided by the total number of experimental trials (ongoing
and PM), such that higher values indicate a longer delay. For
example, if the experiment consisted of 100 trials, presenting the
first target on Trial 10 yielded a value of .1, whereas presenting the
first target on Trial 90 yielded a value of .9.

PM trial frequency. Again, most studies reported the number
of PM target events, as well as the number of ongoing task trials.
For each study, a simple ratio was calculated to index the fre-
quency or rarity of PM trials relative to ongoing task trials. For
example, if a study only contained four target events in a block of
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104 trials, then then the ratio would be 4:100, and simplified to .04.
Therefore, lower values indicate less frequent PM trials.

Aging. In consideration of the fact that many studies do not
report the mean age of their YA subjects, we chose to analyze age
semicontinuously, binning data by each half-decade. That is, ef-
fects with an average age of 18 would fall into the 15–19 category,
whereas effects with an average age of 72 would fall into the
70–74 category. Given a mean age for our YA effects of 21.54
years (N effects � 88), we include all studies that do not report the
mean age of their YA sample in the 20–24 category.

All other moderators. All other moderators (number of PM
cues, within/between designs, and for within-subjects designs,
whether or not the researchers counterbalanced block order) are
more objective in nature. Therefore, as long as these factors were
reported, they were coded as such.

Calculation of Effect Sizes

Cost effect sizes were initially calculated by obtaining the mean
difference in response times either between groups, or between
within-subjects blocks (control, PM), and converted to Cohen’s d
by dividing the mean difference by the following formula for
pooled standard deviation (Borenstein et al., 2009).

SDpooled ��(n1 � 1) � SD1
2 � (n2 � 1) � SD2

2

(n1 � n2 � 2)

For studies that reported the results of statistical tests, but did not
provide a descriptive measure of variability, we calculated stan-
dard deviation based on the mean squared error (MSE). Further,
because many PM studies use within-subjects designs, and are thus
able to reduce MSE by accounting for within-person variability, we
adjusted MSE in these cases by an average correlation, r. This
value was obtained by calculating the within-subjects correlations
for a number of data sets provided by several researchers in the
field. Each correlation reflected the association between response
times in the control block and the PM block. Across 11 groups of
participants and nine experiments, we found high convergence,
with rs ranging from .50 to .86. The average obtained correlation
was r � .728. Using this value in the following formula, we
estimated the standard deviation.

SDpooled � �MSE
1 � r

Monte Carlo simulation indicated that this is a reliable method
for recovering the pooled standard deviation, with 10,000 simu-
lated samples yielding an obtained value of 100.1 given the true
value of 100. We performed all simulations using the R package
MVN to generate data (Korkmaz, Goksuluk, & Zararsiz, 2014).

For studies that provided only means and the results of statistical
tests (e.g., t or F values), a variety of methods (depending on design)
were used to estimate the pooled standard deviation. For those report-
ing F values and means, for example, we used this information to find
the sum-of-squares between and along with the F test formula we
obtained the MSE. The MSE was then used to derive the standard
deviation as detailed above. We followed an identical procedure in the
calculation of ongoing task accuracy costs. We used the proportion of
correct PM responses as the measure of PM accuracy.

Of note, some studies used both a between- and within-subjects
manipulation of PM demands, such as in cases where participants in

a PM group perform both control and PM blocks, and participants in
a control group perform two blocks of ongoing task trials. In these
cases, judgment calls occasionally needed to be made. Our general
preference was to calculate d using the within-subjects control and
PM block comparison to minimize the number of correlated effect
sizes (see Covariance of Effect Sizes section below). However, in
some studies that did not counterbalance the order of the control and
PM blocks, it was markedly apparent that there were large practice
effects (e.g., participants in a control group sped up between the two
blocks). In these cases, because we had the option to avoid them, we
calculated d as a between-subjects comparison of the control and PM
groups for the second block (the PM block).

Variance of Effect Sizes

For between-subjects designs, obtaining the variance of our
Cohen’s d estimates can be calculated using the following closed-
form solution.

Vard �
n1 � n2

n1 � n2
� d2

2(n1 � n2)

For within-subjects designs, however, we could not find a closed-
form solution that would account for the correlation in our dependent
measures. Therefore, we used simulation methods to estimate the
variance of our within-subjects effects. Specifically, we generated
samples according to the data characteristics of a particular study
10,000 times, calculated an effect size each time, and obtained the
variance of these 10,000 estimates. Critically, our variance/covariance
matrix (e.g., of the response times) for each sample incorporated the
.728 within-subjects correlation described previously.

VarCov � � SD1
2 r � SD1 � SD2

r � SD1 � SD2 SD2
2 �

Covariance of Effect Sizes

Effect sizes are correlated when more than one effect uses the
same group of participants, such as when two between-subjects
PM groups (e.g., focal, nonfocal) are both compared to the same
control group (ongoing task only; see Olkin & Gleser, 2009). In
this example, two separate between-subjects comparisons are ref-
erenced to the same control group and therefore violates the
assumption of independence. In these cases, we used hierarchical
linear modeling to account for the covariance in effect sizes, by
specifying the variance-covariance structure of effect sizes (Level
1) within each study (Level 2; Konstantopoulos, 2011).

Estimating the covariance of between-subjects effect sizes once
again has a closed-form solution, where r in this case represents
the correlation between effect sizes.

Covd1d2
� � 1

n1
� 1

n2�rd1d2
�

d1 � d2 � rd1d2

2

2(n1 � n2)

To estimate the covariance of within-subjects effect sizes (as
when one subject performs a control block, a focal PM block, and
a nonfocal PM block) we had to rely on simulation methods. We
followed the same basic procedures we used for estimating the
variance, but the variance/covariance matrix is complicated by the
addition of three separate correlations among measures.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

9META-ANALYSIS OF COSTS



�
C1 PM1 C2 PM2

C1 1 rb ra rc

PM1 rb 1 rc ra

C2 ra rc 1 rb

PM2 rc ra rb 1
	

The correlation rb is the same .728 correlation we obtained from
11 groups of participants and reflects the correlation between
dependent measures in the control block and the PM block for the
same condition (e.g., a focal PM condition). The correlation ra

reflects the association between dependent measures for the same
block (either control or PM) between the two conditions (e.g., the
control blocks for a focal vs. a nonfocal condition). For simplici-
ty’s sake, we assumed that the ra correlation was also .728. The
correlation rc reflects the association between different blocks of
the two conditions (e.g., the control block for a focal condition
compared to an PM block for a nonfocal condition). By nature,
ra � rc and rb � rc. We did not have access to the rc correlation,
and we could not comfortably make simplifying assumptions
either. We therefore used simulation methods to determine the
upper- and lower-bounds of possible rc values (values that resulted
in a positive-definite variance/covariance matrix) and took the
average of these two values to estimate rc.

3

Statistical Analyses

We used the R package metafor (Viechtbauer, 2010) to conduct
a series of metaregressions on costs for each of our moderators and
included task focality as an interaction term in each case. Specif-
ically, we predicted costs by the following factors: number of PM
cues, PM onset delay, PM trial frequency, and aging (see Table 1
for the correlation matrix and Table 2 for the descriptives of these
factors). Because most of the effects are predicted to differentially
affect costs according to task focality, we incorporated this inter-
action by using a no-intercept model and allowing relationships to
independently affect both types of PM tasks. For example, a
no-intercept model of the interaction between focality and PM
onset delay estimates the mean effect size for focal and nonfocal
tasks separately, as well as separately estimates how PM onset

delay affects each type of task. PM trial frequency and PM onset
delay were z-scored to standardize our measures.

In the next series of metaregressions, we predicted costs as a
function of PM accuracy, each of our moderating variables, and
task focality. For example, we looked to see if PM onset delay
affected costs differentially by producing different patterns of
costs for focal and nonfocal tasks at varying levels of PM accu-
racy. Thus, these analyses look for three-way interactions, and null
effects should be interpreted cautiously due to reduced power. PM
accuracy was also z-scored. In the case of each moderator, findings
from the two-way interactions are reported first (e.g., focality
interacting with PM onset delay) without the third interaction term
of PM accuracy. The three-way interactions that are reported are
from the full three-way model (e.g., focality, PM onset delay, and
PM accuracy).

Next, we predicted costs by design type (within, between) to
determine whether choices in experimental design influenced the
magnitude of costs. For within-subjects designs, we also predicted
costs according to whether or not researchers counterbalanced
block order, to determine whether or not carryover effects contrib-
uted to findings. This was included because many within-subjects
studies do not counterbalance, and the control block always pre-
cedes the PM block. Thus, fatigue or practice effects could influ-
ence the cost dependent variable.

Finally, we conducted two analyses of ongoing task accuracy
costs. In this case, the majority of studies have found no significant
differences between control and PM blocks/groups (see Figure 1),
so we sought to maximize power by collapsing across all studies
and asking the question of whether or not ongoing task accuracy
increases when PM demands are added to the ongoing task. We
then predicted ongoing task accuracy costs by response time costs
to determine whether increases in response time also translate into
increases in accuracy (i.e., a speed/accuracy tradeoff).

Results

Our meta-analysis included 289 effect sizes from 91 studies,
with a total of 11,639 independent subjects. The alpha level was

3 To ensure that our estimation of rc did not affect results, we performed
a sensitivity analysis, re-analyzing the results using the upper- and lower-
bounds of rc instead and obtained no significant changes to the results.

Table 1
Correlation Table of the Predictors (Also Including Total
Number of Trials)

Predictor 1 2 3 4 5 6 7

1. Age 1
2. Focality .13� 1
3. Onset delay �.01 �.06 1
4. PM frequency .04 .19�� �.40�� 1
5. PM cues �.07 �.25�� �.16� .10 1
6. Total trials �.08 �.12� �.17�� �.14� �.08 1
7. PM accuracy �.17� �.20� �.13� .18�� �.18�� �.12� 1

Note. Age � coded semicontinuously, binning by every 5 years; Focal-
ity � focal coded 0 and nonfocal coded 1; Onset delay � first PM trial
divided by total number of trials (larger values indicate greater delay before
encountering first target); PM frequency � ratio of PM trials to ongoing
task trials (larger values indicate greater frequency); PM cues � number of
unique cues for a PM task; PM accuracy � proportion of correct PM
responses.
� Correlation is significant at the .05 level. �� Correlation is significant at
the .01 level.

Table 2
Descriptive Statistics of the Continuous Predictors (Also
Including Total Number of Trials)

Statistic Age
Onset
delay

PM
frequency PM cues

Total
trials

PM
accuracy

M 22.44 .24 .05 1.94 242.60 .71
SD 12.07 .23 .05 1.78 221.60 .20
Minimum 5.00 .01 .00 1.00 15.00 .15
Maximum 75.00 1.00 .25 12.00 1500.00 1.00

Note. Age � coded semicontinuously, binning by every 5 years; Onset
delay � first PM trial divided by total number of trials (larger values
indicate greater delay before encountering first target); PM frequency �
ratio of PM trials to ongoing task trials (larger values indicate greater
frequency); PM cues � number of unique cues for a PM task; PM
accuracy � proportion of correct PM responses.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

10 ANDERSON, STRUBE, AND MCDANIEL



set to .05 for all analyses, and 95% confidence intervals are noted
in brackets. First examining a baseline model with no predictors,
the overall cost effect size was d � .51 [.45, .58], t � 15.76, p �
.001 (see Figure 2 for a forest plot of the effects). As expected, the
effect sizes showed significant heterogeneity, Q(288) � 2262.71,
p � .001, indicating that there is considerable variance for mod-
erators to account for (see Figure 3). The relative symmetry of the
funnel plot suggests that the influence of publication bias is small
(i.e., a large number of effects on one side would be indicative of
publication bias), yet Egger’s test of asymmetry was significant,
p � .002, with an intercept of 5.11 (SE � 1.60) and a slope of .30.
To further reassure ourselves against publication bias, Rosenberg’s
fail-safe N suggests that it would require 159,077 studies averaging
null results to render the overall costs effect null. It is highly
implausible that this number of null studies are in researchers’
“file-drawers”.

Focality

The next model examined whether differences in costs were due
to the focality of the PM task. The literature has repeatedly shown
that focal tasks result in less (and often entirely absent) costs than
nonfocal tasks. Our meta-analysis supports this conclusion, with a
mean effect size of d � .24 [.16, .32], t � 5.80, p � .001, for focal
tasks, and d � .67 [.60, .74], t � 18.45, p � .001, for nonfocal
tasks. A follow-up linear combination test indicated that these
effect sizes were significantly different from each other, z � 8.93,
p � .001. As seen in Figure 4, focality also accounted for much of
the earlier heterogeneity, Q(286) � 1919.54, p � .001.4

Next, we let task focality interact with PM accuracy (which had
been z-scored). As detailed in the introduction, there are numerous
examples of studies finding high PM accuracy with little or no
costs for focal tasks, whereas nonfocal tasks require large costs or
PM accuracy is poor. Once again, our meta-analysis supports this
conclusion: focal tasks showed a nonsignificant reduction in costs
as PM accuracy increased, B � �.04 [�.14, .07], t � �.69, p �
.49, whereas nonfocal tasks showed a significant increase in costs
as PM accuracy increased, B � .08 [.02, .15], t � 2.51, p � .01
(see Figure 5). The linear combination test was almost significant,
implying that the costs required for higher PM performance dif-
fered between focal and nonfocal PM, z � 1.95, p � .05.

PM Onset Delay

We coded PM onset delay by dividing the trial number on which
the first PM target appeared by the total number of trials, and then
z-scored this measure (see the Appendix). Therefore, lower values
indicate a shorter delay. PM onset delay has been rarely manipu-
lated, but Conte and McBride (2018) and McBride et al. (2011)
found that increasing the delay dramatically decreased costs,
which also translated into poorer PM performance for a nonfocal
condition, but that costs were minimal with a focal condition and
PM accuracy was not affected by onset delay. We found that both
focal, B � �.10 [�.18, �.01], t � �2.29, p � .02, and nonfocal,
B � �.18 [�.25, �.11], t � �4.88, p � .001, tasks decreased in
costs as the onset delay increased (or, costs increased as onset
delay decreased). A follow-up linear combination test further
indicated that the onset delay effect did not significantly differ
between focal and nonfocal tasks, z � �1.54, p � .12.

Finally, our three-way interaction with PM accuracy was not
significant. That is, as the delay increased and PM accuracy
increased, there was no significant change in costs. To be clearer,
participants who had a long delay and high PM accuracy did not
evidence significantly greater costs than those who had a long
delay and low PM accuracy. This was true for both focal,
B � �.002 [�.11, .11], t � �.04, p � .97, and nonfocal tasks,
B � .03 [�.04, .11], t � .90, p � .37. This pattern is somewhat
unexpected for nonfocal tasks, given results from Scullin, McDan-
iel, Shelton, and Lee (2010) and McBride et al. (2011) showing
that if the onset delay is long and costs are low, nonfocal PM
performance is impaired. As mentioned previously, however,
three-way interactions such as this should be interpreted cau-
tiously, due to low power and a limited number of observations. To
give some indication, there are less than 15 effects each for focal
and nonfocal PM, that report PM accuracy, that have an onset
delay of .4 or greater, and a cost effect size of .2 or less.

PM Trial Frequency

We assessed PM trial frequency by dividing the number of PM
trials by the number of ongoing task trials, and then z-scored this
measure (see the Appendix). The paucity of research manipulating
this factor has shown that as the frequency of PM trials increases,
costs are typically greater (Czernochowski et al., 2012; Loft &
Yeo, 2007). Our meta-analysis reinforces these findings, with costs
significantly increasing as targets become more frequent, but for
nonfocal tasks only, B � .06 [.007, .12], t � 2.19, p � .03. Focal
tasks showed a similar increase in costs when targets were more
frequent, but this effect was not significant, B � .04 [�.10, .18],
t � .57, p � .57. Inspection of the confidence intervals indicates
that the absence of significance for focal tasks was due to the large
variability of the frequency effect for these tasks. Interestingly,
some studies find large costs even with infrequent focal targets,
and others find little to no costs even with highly frequent focal
targets. We offer possible explanations for these findings in the
Discussion section. Finally, the linear combination test was not
significant, showing no differences between the effect for focal
and nonfocal PM, z � .30, p � .77.

In our next model, the three-way interaction with PM accuracy
was not significant—with neither focal, B � �.05 [�.25, .15],
t � �.45, p � .65, nor nonfocal, B � �.05 [�.12, .02], t � �1.33,

4 Some readers may note the unusual flattening of the funnel plot when
focality was added as a predictor. We investigated the reason why this
occurred and found it to be a combination of several factors. Specifically,
the combination of high within-study correlations (r � .679 for between-
subjects designs and r � .728 for within-subjects designs) and the presence
of a powerful moderating factor (focality) appears to be the cause. In a
hypothetically created dataset (that still contains all relevant task features
such as nested effects), when these two characteristics were present, we
observed a flattening of the funnel plot. When only one characteristic was
present (either powerful moderator or high correlation), this flattening did
not occur. We therefore believe the flattening to be due to very small
unaccounted-for residual variance. As a final note, we also tested whether
our mean-substitution approach for handling the covariance between effect
sizes could be a contributing factor. Therefore, we reran all analyses after
calculating the covariance for each pair of effects based on a randomly
sampled correlation. The mean of the distribution was our obtained corre-
lation (r � .679 or .728), and the standard error was based on the sample
size of the effect. Though there was slightly less flattening of the funnel
plot, it was still dramatic, and none of the meta-analytic results changed.
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p � .19—showing significantly increasing costs as frequency and
PM accuracy both increased. Though we must temper our conclu-
sions because of low power, these findings indicate that additional
costs (above and beyond those found on average when PM targets
are frequent) are not related to improvements in PM accuracy.

Aging

To examine age differences in PM, we coded age semicontinu-
ously, binning the data by each half-decade. For example, an effect
reporting the mean age at 22 would be coded as 20, and an effect
with a mean age of 76 would be coded as 75. As detailed in the

introduction, though OA are generally slower to respond overall,
findings have been mixed regarding whether or not OA display
different or equivalent costs to YA when PM demands are added.
Our findings indicate that aging does not affect the magnitude of
costs for focal tasks, B � .003 [�.005, .011], t � .80, p � .43.
There was a marginal trend for costs to decrease with age for
nonfocal tasks, however, B � �.005 [�.010, .0004], t � �1.82,
p � .07. A follow-up linear combination test further showed that
the difference in costs between focal and nonfocal tasks was
marginally significant, z � 1.88, p � .06. We suspected that this
trend could reflect the influence of children and adolescents,
reasoning that nonfocal tasks may be especially difficult for chil-
dren because their frontal lobes are not fully developed (Cejudo,

Figure 2. Forest plot depicting the effect sizes for prospective memory (PM)-related costs to response times,
ordered smallest to largest.

Figure 3. Funnel plot for the baseline model with no moderators. The
plot depicts the precision of each effect in relation to its size. The large
number of studies falling outside the white funnel indicates that there is a
large amount of variance to account for. However, its relative symmetry
indicates that publication bias is small.

Figure 4. Funnel plot for the model including focality. The plot depicts
the precision of each effect in relation to its size. The amount of hetero-
geneity has been markedly reduced when compared to the baseline model.
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Gómez-Ariza, & Bajo, 2019). We therefore ran an unplanned
model including the squared age term to look for evidence of
nonlinearity. The effect was marginally significant for nonfocal
tasks, B � .0004 [�0.000, .0008], t � 1.88, p � .06, and further
inspection confirmed a notable outlier likely having undue influ-
ence (a nonfocal effect size with children aged 11 was d � 2.90;
Cejudo et al., 2019). Removal of this outlier eliminated all previ-
ously reported age effects. Thus, we favor the interpretation of a
null relationship between costs and age.

Once again, the three-way interaction model with PM accuracy
was not significant. That is, as PM accuracy increased, there was
no difference in costs between YA and OA for either focal,
B � �.0009 [�.009, .007], t � �.21, p � .83, or nonfocal tasks,
B � .0008 [�.003, .005], t � .41, p � .68. As noted above, YA
and OA generally show differences in baseline response times;
therefore, interpreting whether cost effects of similar magnitude
have the same psychological significance across the two age
groups requires caution. Nonetheless, in contrast to prior literature
showing mixed results, we found no differences in costs between
the two age groups.

Number of PM Cues

The few studies that have manipulated the number of PM cues
have generally found that increasing the number of cues results in
a corresponding linear increase in costs (Cohen, 2013; Cohen et
al., 2008). It is revealing, therefore, that we found no evidence that
increasing the number of focal cues increases costs, B � .005
[�.03, .04], t � .25, p � .80. By contrast, increases in the number
of nonfocal cues was associated with an increase in costs, B � .13
[.08, .18], t � 5.16, p � .001. The linear combination indicated

that these effects were significantly different from each other, z �
3.96, p � .001. In the next model, letting the number of PM cues
and PM accuracy interact was significant for focal PM only, B �
.06 [.008, .10], t � 2.29, p � .02. Despite the fact that this
interaction was not significant for nonfocal PM (B � .02 [�.03,
.07], t � .77, p � .44), the linear combination testing the differ-
ence between these two interactions was not significant, z � 1.00,
p � .32.

Figure 6 illustrates the significant interaction for focal cues:
When participants had only one focal PM cue and were at average
levels of PM performance, their costs were d � .25. Increasing PM
by 1 SD lowered costs to d � .15. This significant reduction
(B � �.16 [�.31, �.01], t � 2.04, p � .04) is likely due to the
large number of studies attempting to isolate spontaneous retrieval,
where costs are frequently absent, yet PM is near ceiling (Brewer
et al., 2010; Einstein et al., 2005; Lee & McDaniel, 2013; McBride
& Abney, 2012; McDaniel, Howard, & Butler, 2008; Scullin,
McDaniel, Shelton, & Lee, 2010; Smith et al., 2007). However,
increasing the number of cues (and maintaining PM 1 SD above
the mean) increases costs by .10 for each additional task (.25 for
two cues, .35 for three cues, etc.). The interaction between number
of PM cues and PM accuracy therefore suggests that there was no
significant increase in costs with more PM cues because increasing
the number of cues hurt PM performance (see Table 1 for a
negative correlation between number of cues and PM accuracy).
That is, participants with a high number of cues (e.g., four or five)
may not have exhibited the degree of costs necessary to achieve
comparable performance to participants with fewer cues (e.g.,
one). For participants that did achieve high PM performance with
a high number of cues, there was a corresponding increase in costs.

Figure 5. Depicts the significant interaction between prospective memory (PM) accuracy (z-scored) and
focality on costs. Nonfocal tasks require greater costs to improve PM performance, whereas focal tasks do not.
In this figure, sample size increases with point size.
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Between- and Within-Subjects Designs

Next, we wished to determine if experimenter choices about
design type (between, within) affected the magnitude of costs. We
found that costs were present for both between-, d � .64 [.50, .78],
t � 8.99, p � .001, and within-subjects designs, d � .48 [.41, .55],
t � 13.24, p � .001. A linear combination test indicated that these
two effects were significantly different, z � 12.01, p � .04. Next,
we examined within-subjects designs only and looked to see
whether counterbalancing significantly increased costs (i.e., alle-
viated practice effects) or decreased costs (i.e., alleviated fatigue
effects). We coded not-counterbalancing as 0 and doing so as 1;
therefore, the effect indicates the change from not counterbalanc-
ing to doing so. We found that counterbalanced designs signifi-
cantly increased costs, B � .22 [.07, .38], t � 2.91, p � .004,
suggesting that there were large practice effects present in studies
that did not counterbalance (thereby mitigating observed costs of
adding the PM task).

A possible concern, given the presence of large practice effects
in our sample, is whether the findings would change if we ex-
cluded noncounterbalanced within-subjects effects. Therefore, we
performed a sensitivity analysis to determine the impact that
counterbalancing had on our results. First, we found that the
difference in costs for within/between designs was reduced
(within, d � .62; between, d � .64) and now there was no
significant difference between the two. Second, there were no
changes in statistical conclusions for any of the results regarding
focality, PM trial frequency, or aging. However, the results for the
number of PM cues did change. Excluding noncounterbalanced
studies, increasing the number of cues now significantly increases
costs for focal PM (B � .12 [.04, .20], t � 2.97, p � .003). In

addition, the interaction with PM accuracy disappeared (p � .22),
though we do not know whether this was due to lowered power or
a fundamental change in conclusions (three-way interactions are
often underpowered and the number of focal effects was cut from
N � 101 down to N � 59). The only other change was that the
effect of PM onset delay for focal tasks disappeared. This, how-
ever, we believe reflects the decrease in power—the magnitude of
the effect was nearly identical to the full analysis (B � �.11) and
the p value was equal to .12.

Therefore, in future work, we strongly recommend counterbal-
ancing when a within-subjects design is used. Between-subjects
designs avoid any carryover effects, but the present meta-analysis
indicates that the obtained costs are similar between both design
types. As long as counterbalancing is used, costs should be similar,
though of course the power to detect this uniform effect will be
greater for within-subjects designs.

Ongoing Task Accuracy

Our final analyses sought to determine if there is any evidence
for an increase or decrease in accuracy from control to PM blocks/
groups, as the field largely finds no significant effects in either
direction (increase or decrease). Our meta-analysis supports this
conclusion, as we found no significant change in accuracy,
d � �.027 [�.08, .02], t � �1.11, p � .27. When we added
response time costs as a predictor, however, we found that there
was a significant negative relationship between response time
costs and accuracy costs, B � �.10 [�.19, �.01], t � �2.30, p �
.02. Therefore, there is no evidence that accuracy increases with
response times in the presence of PM demands; instead, accuracy
significantly decreases with increases in response time costs. We

Figure 6. Depicts the significant interaction between the number of focal prospective memory (PM) cues and
PM accuracy (z-scored) on costs. At average levels of PM accuracy, costs are the same, but to increase PM
accuracy by 1 SD requires greater costs for each additional focal PM cue. This interaction was not present for
nonfocal PM. In this figure, sample size increases with point size.
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recognize that most PM studies use easy ongoing tasks that often
result in high accuracy; therefore, one possible criticism of this
analysis would be that we are unable to detect any effect because
participants are on ceiling. This was not the case, however, with
average accuracy (simple aggregation, weighted by sample size) at
.92 in both the control and PM blocks and an average pooled SD
of .075. Therefore, our admittedly crude estimation of a 95%
confidence interval [.91, .93] confirms that accuracy is certainly
high, but not on ceiling.

Discussion

The purpose of the present meta-analysis was to synthesize
much of what we know about PM-related costs into several bench-
mark effects and to consider the different theoretical accounts of
these effects. These touchstones help to provide constraints on the
extant theoretical accounts by sharpening the possible challenges
to these theories and offering directions for future clarification.
Further, this analysis was able to target effects that until now have
not been directly explored in individual experiments and has also
clarified the nature of some effects that have been reported in
individual experiments (or collections of experiments) but have
somewhat inconsistent findings. To highlight, we found that (a)
nonfocal, but not focal, PM tasks are associated with increased
costs at higher levels of PM performance; (b) in general, present-
ing fewer PM trials and lengthening the PM onset delay decreases
costs; (c) there are no age-related differences in costs; (d) there is
no increase in ongoing task accuracy when PM demands are added
to the ongoing task, but increasing costs does decrease ongoing
task accuracy; and (e) increasing the number of focal cues impairs
PM performance without affecting costs, whereas increasing the
number of nonfocal cues increases costs without affecting PM
accuracy.

As noted, an important upshot of this effort is that these patterns
provide touchstones for existing theoretical accounts. To recapit-
ulate, the monitoring views (PAM, two-process, and multiprocess
theories) suggest that costs reflect limited attentional capacity
being devoted toward detecting PM targets, which manifests itself
in the form of PM-intention maintenance and/or target-checking
behavior. According to the delay views (fixed or adaptive PMDC),
by contrast, costs indicate a strategic speed/accuracy adjustment in
favor of ongoing task accuracy (i.e., an increase in decision thresh-
olds), allowing more time for PM-related information to reach its
own threshold. We emphasize that this meta-analysis is not in-
tended to provide a decisive test of these theories. With this
qualification in mind, in the following sections we discuss how
each perspective might accommodate the results of the meta-
analysis. In doing so, we integrate the present results with other
cost-related findings from the field. To conclude the discussion,
we highlight some remaining theoretical puzzles.

Focality

Our first, largely expected, finding was that costs were greater
for nonfocal tasks than focal tasks, and that costs were functionally
related to PM accuracy only for nonfocal tasks. According to the
multiprocess theory, focal PM tasks can rely on spontaneous
retrieval, and although costs may sometimes be present (as indi-
cated by a .24 Cohen’s d for focal tasks), there is converging

research to suggest that monitoring costs are not necessary for
successful PM retrieval (Einstein et al., 2005; Harrison & Einstein,
2010; Scullin, McDaniel, & Einstein, 2010; Scullin, McDaniel,
Shelton, & Lee, 2010). To provide further indication, of the 101
focal effect sizes, 51 were medium-small (d � .20), 25 were small
(d � .20 and d � 0), and 25 were entirely absent (d � 0). For the
medium-small cost studies average PM accuracy was .75, for the
small cost studies it was .79, and for the absent cost studies it was
.75. Nonfocal PM tasks, on the other hand, are thought to require
monitoring in order to detect targets. This assumption was sup-
ported by the fact that achieving high nonfocal PM performance
resulted in greater costs to the ongoing task.

As highlighted in the introduction, the multiprocess theory does
not assume that participants will not monitor when given focal
tasks, but only that when you eliminate costs (by following a set of
methodological suggestions; Anderson et al., 2017, Table 1) PM
can be supported by spontaneous retrieval. Our findings provide
strong support for this position, given that the presence of costs
was completely unrelated to PM accuracy for focal tasks only.
Thus, both Guynn’s (2003) two-process model and Smith’s (2003)
PAM theory are disfavored in their strict requirement of costs for
successful retrieval. Clearly, retrieval can occur in the absence of
monitoring (cf. Smith) and this is true even for people who are
not in a retrieval mode (cf. Guynn). This, however, does not
imply that the processes underlying PAM theory or the two-
process model are not true for nonfocal tasks; multiprocess
theory simply maintains that monitoring is not the only mech-
anism supporting successful PM.

The delay views, also in departure from multiprocess theory, do
not imply different processes underlying both focal and nonfocal
PM (Strickland et al., 2018). Delay theory can easily handle the
finding that nonfocal tasks, as compared to focal tasks, result in
higher costs and require greater costs to achieve high PM. This is
because the focal PM information accumulation rate is presumed
to be at least as fast as the ongoing task accumulation rate—
therefore PM information can reliably “win the race” to threshold.
For nonfocal tasks, by contrast, the PM accumulation rate is slower
than that of the ongoing task, and a delay is necessary so as not to
preempt the PM response. Therefore, greater delays would be
expected to benefit PM accuracy for nonfocal tasks and have no
impact for focal tasks.

One possible concern, however, is why participants do not
adjust their threshold to the delay appropriate to obtain high
nonfocal PM (e.g., Anderson & McDaniel, 2019b), because setting
a decision threshold does not require capacity. Loft and Remington
(2013), for example, showed behaviorally that if you force partic-
ipants to withhold responding to the ongoing task with an
experimenter-imposed delay, nonfocal performance can approach
the same level as focal PM performance. To reach this same level,
however, it required delays between 600 and 1,600 ms depending
on task demands. Though delaying one’s responding is not as-
sumed to require attentional resources or capacity (which is the
reason for the focal/nonfocal PM disparity in performance accord-
ing to the multiprocess view), there are two possible interpretations
from a delay perspective. First, participants may not realize how
much of a delay is necessary to reliably accumulate the necessary
PM information. Second, motivational aspects may come into
play, with participants aiming for only adequate PM performance
because they do not want to spend, say, 1,600 ms on each trial.
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Critically, these factors would not come into play for focal PM, as
no delay is strictly necessary. More generally, however, the un-
certainty about the suitability of participants’ thresholds for non-
focal tasks raises the issue of how people set and adjust thresholds
in the first place. As Ratcliff, Smith, Brown, and McKoon (2016)
have emphasized, a major existing challenge for these kinds of
information accumulation models is detailing the underpinnings
and characteristics of peoples’ threshold-setting processes, and this
holds for the application of these models to PM.

PM Onset Delay

We also found that the shorter the delay between encoding the
PM task and encountering the first PM trial, the greater the
costs—and this was true for both focal and nonfocal tasks. Fol-
lowing theorizing from Graf and Uttl (2001), the monitoring view
readily accounts for these findings: The lag between encoding and
eventual performance of the PM task allows the intention to lapse
from working memory and the ongoing task to take priority. Thus,
participants may begin the task engaging in monitoring behavior,
but after some time has passed without encountering targets,
thoughts about the PM intention (i.e., monitoring) may be replaced
with thoughts about the ongoing task or mindwandering (see
Rummel et al., 2017).

Regarding the delay views, a fixed PMDC would predict no
relationship between PM onset delay and costs. On this view, the
decision threshold for both the ongoing task and PM task is a
proactive control setting that is decided a few trials into the
experiment and in light of the task demands (e.g., focality of cue).
There would be no need to change the threshold and accordingly,
cost could be fairly constant regardless of PM onset delay. An
adaptive PMDC model could accommodate an effect of PM onset
delay, however. For instance, motivational factors, rather than
limits on attentional capacity, could underlie changes in partici-
pants’ speed/accuracy policy as the PM onset interval increased. It
could be argued that participants want to get out of the experiment
quicker, or that they have placed less importance on achieving high
performance on the PM task, and therefore lower their decision
thresholds. These possibilities await further investigation.

PM Trial Frequency

An interesting finding that has not been documented by any
single experiment is that PM trial frequency differentially affected
costs for focal and nonfocal tasks: As the frequency (proportion) of
PM trials increased, nonfocal but not focal costs increased. From
the monitoring perspective, increasing the frequency of PM trials
encourages participants to direct attention toward the PM task; this
is likely because the incentive to monitor is greater (i.e., there are
more chances the miss the PM target). The converse is also true;
very few PM trials should encourage participants to focus more
attention toward the ongoing task, rather than expend resources
checking for targets that rarely appear. Because monitoring is
taxing, participants may lapse in this behavior when targets are
infrequent. The monitoring account therefore well-handles the PM
frequency effect for nonfocal tasks.

Perhaps surprising from the monitoring views is that we did not
find any effect of PM trial frequency for focal tasks. The multi-
process view contends that because focal tasks do not require

monitoring, there is little incentive for participants to engage a
demanding process that is unnecessary. However, from the per-
spective of the dynamic multiprocess framework, spontaneous
detection of a PM target may signal that targets are present and
thus stimulate monitoring (Scullin et al., 2013). With relatively
frequent PM trials, the monitoring would presumably pay off;
therefore, from this perspective it is puzzling that more frequent
trials do not increase costs (monitoring) for focal tasks. One
possible way to accommodate these results would be to note that
focal targets are usually more specific (i.e., a particular word) than
nonfocal targets. Thus, over the course of the PM block, having
frequent focal targets often means responding to the same target
word many times, whereas this is not necessarily the case with
nonfocal tasks (e.g., participants may see tortoise, then story, and
then tornado, when searching for tor). Perhaps responding many
times to the same word automatizes this intention or strengthens
the association, further supporting spontaneous retrieval and ob-
viating the inclination to deploy attention-demanding processes.
Another possible accommodation for these results would be that
because participants do not know at the outset how frequent PM
trials will be, they simply adjust monitoring behavior based on the
perceived difficulty of the task, and because the task is focal (and
therefore not difficult) they are never required to update their
initial monitoring policy.

The line of reasoning put forward by the fixed and adaptive
instantiations of delay theory is quite similar for effects of PM trial
frequency as they were for effects of PM onset delay. Specifically,
under a fixed PMDC model participants cannot know in advance
whether PM trials will be frequent or not, and therefore predicts no
relationship. An adaptive model, instead, could accommodate a
relationship, though it is not clear what the directionality of this
would be. As noted in the introduction, it is a reasonable assump-
tion, from the perspective of delay theory, that participants could
interpret their subjective experience of encountering few targets as
being due to their rarity, or due to their own poor PM accuracy. We
found a positive relationship between costs and the proportion of
PM trials for nonfocal, but not focal, tasks—thus, results are mixed
in regard to whether a fixed or adaptive model would be favored,
if either.

Aging

Another important and theoretically interesting contribution is
the finding that there were no age-related differences in PM costs.
As noted in the introduction, the patterns across individual studies
have provided an inconclusive picture regarding whether or not
OA display greater costs than YA: Some show greater costs (Ball
& Aschenbrenner, 2018; Ballhausen et al., 2017; Horn et al., 2013;
West & Bowry, 2005), whereas others do not (Albiński et al.,
2012; Ihle et al., 2017; Jäger & Kliegel, 2008; May et al., 2015;
Mullet et al., 2013; Smith & Bayen, 2006; Smith & Hunt, 2014).
Our meta-analysis suggests that OA and YA display a similar
magnitude of costs for both focal and nonfocal tasks, and that these
costs do not differentially affect PM performance. These findings
are interesting because they imply that the impact of PM demands
affects both YA and OA equally. Though OA are generally slower
and exhibit worse performance, both age groups appear to respond
similarly when given either focal or nonfocal PM tasks. Given this
fact, it may be the case that the quality of OA’s monitoring
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behavior is impaired relative to YA. This interpretation dovetails
with that of the CRUNCH (compensation-related utilization of
neural circuits hypothesis) model (Reuter-Lorenz & Cappell,
2008), which assumes that OA may need to recruit additional
neural processing to maintain performance at levels of YA for a
single task; when the task becomes more difficult (e.g., as when a
PM intention is added) then for OA the processing integrity is
overwhelmed (“crunched”) and performance suffers (for support
see Lamichhane, McDaniel, Waldum, & Braver, 2018).

Interpreting these findings from the delay views, we reiterate
that OA often show a bias toward slower but more accurate
responding in LDTs, and that within information-accumulation
measurement models this performance profile has been accounted
for by a more conservative decision threshold for OA (Ball &
Aschenbrenner, 2018; Ratcliff et al., 2004). Further, it is well-
documented that OA have worse PM than YA (Kliegel et al., 2008;
Uttl, 2008, 2011). Given these findings, as well as the evidence for
minimal drift-rate changes associated with older age (see Ratcliff
& McKoon, 2008, for a review), the delay views should predict
that costs would be reduced for OA relative to YA (thus causing
the impaired PM performance). Our finding of no association
between age and costs are therefore puzzling from the delay view.
However, the PMDC model could potentially account for these
findings by contending that OA may have deficits in reactive
control. Despite the fact that traditionally conceived reactive con-
trol processes seem to be relatively spared for OA (Bugg, 2014;
Paxton, Barch, Racine, & Braver, 2008), it could be argued that
OA are unable to inhibit the ongoing task accumulation (charac-
terized as a reactive process in the PMDC model; Strickland et al.,
2018), which therefore reaches threshold before PM task informa-
tion and preempts the PM response. This argument is supported by
findings that PM performance is worse for individuals with poor
inhibitory control (Zuber, Kliegel, & Ihle, 2016). Yet, many stud-
ies do not require a PM response to be made on that very trial (i.e.,
they allow a PM response up to several trials after), or do not
require a specific response order (i.e., the PM response can precede
or follow the ongoing task decision). Because participants can
make the PM response most any time, the PM response being
preempted by an ongoing task response should not affect PM
performance. However, even studies of this nature find sizable age
differences (Ihle, Hering, Mahy, Bisiacchi, & Kliegel, 2013).
Therefore, the reason as to why OA display worse PM perfor-
mance but equivalent cost to YA is a critical question to address
for delay theory.

Number of PM Cues

One revealing finding was that increasing the number of focal
PM cues did not result in greater costs overall but in worse PM
accuracy—which was mitigated by increased costs. For nonfocal
tasks, instead, increasing the number of cues did increase costs,
irrespective of PM accuracy. Thus, our results suggest that increas-
ing the number of focal PM cues results in functional increases in
task difficulty that participants are potentially unaware of, as they
do not increase costs in response to this factor. For nonfocal tasks
participants seem to be more aware of this difficulty, as they
increase costs in response to the number of unique cues.

The patterning for focal tasks was not expected from the per-
spective of the multiprocess view (the idea that even with focal PM

tasks, when there are many cues monitoring may be required,
which in turn should increase costs; Einstein et al., 2005) but could
be accounted for by contending that participants may have been
overconfident in their ability to detect multiple focal cues. Because
focal tasks are assumed to rely on spontaneous retrieval, and do not
require costs for high PM, participants may have, apparently to
their detriment, chosen not to monitor (or failed to up-regulate
their baseline monitoring behavior with additional cues). There-
fore, our finding of a decrease in PM performance further suggests
that increasing the number of cues may alter the degree to which
spontaneous retrieval is successfully supported by the memory
system. For example, it is possible that having to encode multiple
intentions reduces the strength of each individual cue-target asso-
ciation, thereby reducing the likelihood of spontaneous retrieval of
the intention upon encountering any particular cue (following a
reasoning similar to explanations for cue-overload effects in
paired-associate learning; Watkins & Watkins, 1975). There is
some precedent set for this interpretation from fan effects in
nonfocal PM: Nonfocal intentions with a larger associative fan
(intentions associated with more words prior to execution) had
impaired PM performance relative to intentions with no fan (Cook,
Marsh, Hicks, & Martin, 2006). It is also possible that particular
cues may have been retrospectively forgotten—not sufficiently
encoded into long-term memory—again undermining spontaneous
retrieval. This interpretation is somewhat undercut, however, by
the fact that the retrospective component of PM is typically quite
high, especially in YA (Cohen, Dixon, Lindsay, & Masson, 2003;
Cohen, West, & Craik, 2001; Einstein, Holland, McDaniel, &
Guynn, 1992; Schnitzspahn, Horn, Bayen, & Kliegel, 2012). An-
other, not mutually exclusive possibility, is that participants fail to
up-regulate a base level of monitoring when faced with multiple
focal cues. Though there is some amount of monitoring present,
maintaining the activation of multiple cues in working memory
is difficult and target words temporarily lapse from conscious-
ness, thereby reducing PM (without an appropriate increase in
monitoring behavior). These possibilities merit attention in
future research.

These findings are problematic for delay theory as well. For
nonfocal tasks, it could be argued that the perception of difficulty
increases with each additional cue, and participants adjust their
decision thresholds accordingly. This could be true even though
the cue with the slowest information accumulation should be the
determining factor for costs. This is because if a decision threshold
is set to ensure detection of the slowest accumulating cue, then it
will of course be enough time for the other cues. As it did for the
monitoring views, the difficulty arises when assessing the impact
of number of cues for focal tasks. This is because (a) focal PM
tasks do not require a delay because the information accumulation
is more rapid than ongoing task accumulation (Loft & Remington,
2013), and (b) PM information and ongoing task information are
accumulated in parallel and thus they do not drain the same pool
of attentional resources in an additive fashion. Therefore, it is
uncertain why having multiple focal PM cues should impair PM
performance. The PMDC model could incorporate changes that
slow the PM accumulation rate in the presence of additional focal
cues, but we are uncertain why this would be the case. At present,
therefore, there is no clear explanation of why multiple focal cues
should impair the accumulation rate. Future theoretical efforts are
needed to account for and understand these findings.
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Ongoing Task Accuracy

Finally, we found that there was no overall speed/accuracy
tradeoff from control to PM blocks; only response times signifi-
cantly increase when PM demands are added. We did find, how-
ever, that increasing the costs actually decreases accuracy. Though
the monitoring view has historically neglected ongoing task accu-
racy because accuracy levels are typically very high, these findings
are noncontroversial from the perspective of the monitoring view.
Because costs are assumed to reflect a diversion of attentional
resources away from the ongoing task and toward the PM task, one
might expect ongoing task performance in general to suffer from
possessing a PM intention (Smith, 2003), including both accuracy
and response times. This intuition is supported by our analysis, in
that greater costs results in worse ongoing task accuracy. These
findings may represent the largest challenge for the delay views to
date, because their central tenant is that PM-related costs can be
accounted for solely by a change in decision thresholds. This
parameter has been largely accepted and validated as reflecting a
speed/accuracy tradeoff, in that expanding decision thresholds will
result in slower, but more accurate, responding (Voss, Rother-
mund, & Voss, 2004). These challenges are discussed further in
the Remaining Puzzles section.

Other Effects

Though our meta-analysis was able to establish the aforemen-
tioned PM-cost effects, there are numerous other factors that have
either not been manipulated frequently enough to be used as
moderators, or that result in highly consistent findings and there-
fore do not warrant analysis. In this section, we briefly discuss
several of these lines of research to further our theoretical under-
standing of costs.

Working memory. The monitoring view makes the claim that
nonfocal PM tasks require maintenance of the intention in working
memory as well as target-checking behavior, and further notes that
age-related decline in PM is largely due to reduced working
memory capacity (Salthouse, 1990). Therefore, individual differ-
ences in working memory have been hypothesized to moderate PM
performance and differentially affect costs. For example, Smith
(2003) showed that those higher in working memory capacity had
better PM, and that costs were functionally related to PM only for
people with low working memory. Further, Brewer et al. (2010)
found that individuals with high working memory performed
equally well on focal and nonfocal tasks, though, it came at a cost
to nonfocal but not focal response times. By contrast, people with
low working memory showed similar costs but had much worse
nonfocal PM performance. Finally, Ihle et al. (2017) found that
lower working memory increased response time variability with
PM demands but did not change overall costs, and that greater
response time variability was associated with poorer nonfocal PM
performance.

Because people appear to display similar costs to the ongoing
task regardless of their working memory, delay theory has diffi-
culty accounting for the findings of increased nonfocal PM accu-
racy for those with high working memory. Based on these find-
ings, it would be difficult to argue that (a) higher working memory
results in a more appropriate adjustment to decision thresholds and
(b) that PM tasks do not require additional cognitive capacity for
successful PM performance. The PMDC model could potentially

account for these results by suggesting that capacity is required for
successful reactive control (cf. Braver et al., 2007). Following a
similar explanation for the findings that OA have impaired non-
focal PM, the PMDC model could argue that people with lower
working memory are less able to inhibit information accumulation
for the ongoing task (in the presence of a PM target).

Brain imaging and event-related-potentials studies. Beca-
use comprehensive reviews can be found in Cona, Scarpazza,
Sartori, Moscovitch, and Bisiacchi (2015) and McDaniel,
Umanath, Einstein, and Waldum (2015), here we only briefly
summarize and interpret relevant neuroimaging findings from both
the monitoring and delay viewpoints. Most neuroimaging studies
have used nonfocal PM tasks, with a few exceptions, and very
consistently report that these tasks elicit sustained activation
throughout the experiment in particular areas of the fronto-parietal
network (Beck, Ruge, Walser, & Goschke, 2014; Burgess et al.,
2001; Burgess, Scott, & Frith, 2003; Gilbert, Gollwitzer, Cohen,
Burgess, & Oettingen, 2009; McDaniel, LaMontagne, Beck, Scul-
lin, & Braver, 2013; Reynolds, West, & Braver, 2009; Simons,
Schölvinck, Gilbert, Frith, & Burgess, 2006). According to the
monitoring view, sustained activation throughout the experiment
clearly implicates capacity-consuming monitoring processes
(Braver et al., 2007). As Braver et al. (2007, p. 83) noted, sustained
activation of the prefrontal cortex is “metabolically costly,” heav-
ily reliant on facilitation via dopaminergic pathways, and “prohib-
itive with very long retention intervals.” This interpretation closely
aligns with a monitoring view of costs.

Of note, there are some studies examining the patterns of neural
activation associated with changes in response caution (i.e., deci-
sion thresholds), and it is worth examining whether these areas
overlap with the areas implicated by PM neuroimaging studies. For
example, both MacDonald, Cohen, Stenger, and Carter (2000) and
van Maanen et al. (2011) found evidence that response caution was
associated with activation in the anterior cingulate, which has
inputs to communicate with the prefrontal cortex and subsequently
modulate behavior. More specifically targeting the modeling pa-
rameter, Herz, Zavala, Bogacz, and Brown (2016) and Mansfield,
Karayanidis, Jamadar, Heathcote, and Forstmann (2011) found
that increases in decision thresholds were due to activation of the
subthalamic nucleus via the anterior cingulate cortex, and that
activation of the subthalamic nucleus was associated with trials
that indicated an imminent switch in response caution. Future
research could address whether the areas implicated in PM and
those implicated by changes in decision thresholds rely on funda-
mentally different cognitive processes. For example, when a PM
task is added to the ongoing task, is there an observable increase
in the subthalamic nucleus and the anterior cingulate cortex or not?

PM research examining event-related-potentials (ERPs) con-
verge on two consistent findings. First, there is early onset sus-
tained modulation in fronto-parietal and occipital regions (around
100–200 ms post stimulus) as well as sustained modulation in
similar regions later in the trials (around 400–800 ms; Chen,
Huang, Jackson, & Yang, 2009; Chen et al., 2007; Cona, Arcara,
Tarantino, & Bisiacchi, 2012, 2015; Cona, Bisiacchi, & Mosco-
vitch, 2014; Cruz, Miyakoshi, Makeig, Kilborn, & Evans, 2016;
Czernochowski et al., 2012; Knight, Ethridge, Marsh, & Clementz,
2010; Scolaro, West, & Cohen, 2014; West & Bowry, 2005; West,
Scolaro, & Bailey, 2011). Interestingly, one study found that this
later modulation was more transient when PM targets were rare
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compared to when they were frequent (Czernochowski et al.,
2012).

We first note the nice convergence between the neuroimaging
and ERP studies, in that both find that fronto-parietal activation is
associated with costs, even though each approach has different
relative strengths. Although ERP studies are only able to target
more diffuse activation (e.g., frontal activation), they can examine
modulation on a moment-by-moment basis during each trial. Neu-
roimaging, by contrast, is able to target particular brain structures
but is not as temporally precise. Appealing to the strength of EEG,
differential brain activation was found both early- and late-onset,
implying the engagement of two distinct processes. Most of the
PM researchers using EEG have theorized, following Guynn
(2003), that these two modulations reflect an early onset sustained
retrieval mode and by later-onset target-checking (i.e., monitor-
ing).

When interpreted from the perspective of delay theory, similar
questions arise regarding both the ERP and neuroimaging findings.
That is, delay theory needs to describe why sustained activation in
frontal regions is required to update participants’ response caution
with a PM task. Another question that bears serious consideration
is why there is a dissociation between early- and late-onset mod-
ulations, especially considering the fact that “thresholds are the
parameters of the decision process that are set prior to trial pre-
sentation” (Strickland et al., 2018, p. 6). If decision thresholds are
set prior to stimulus presentation, it is unclear from the perspective
of delay theory what behaviors correspond to these two PM-related
modulations.

Ex-Gaussian models. Several PM studies have applied the
ex-Gaussian model to PM costs in an effort to understand costs
beyond mean-level changes. This model has three parameters: tau
(�), which indicates the amount of skew in the distribution; mu (�),
which indicates the mean of the distribution; and sigma (�), which
indicates the standard deviation. By decomposing costs into these
three parameters, researchers can make more nuanced claims about
the processes underlying the increased response times frequently
observed with the addition of a PM task. For example, if increased
costs were due to changes in tau, it might indicate that monitoring
behavior or increases in response caution were engaged more
transiently. By contrast, if increased costs were due to changes in
mu, it would suggest that these behaviors were engaged continu-
ously. Overall, the findings converge on the idea that both mu and
tau increase when a PM task is added to the ongoing task (Ball &
Brewer, 2018; Ball, Brewer, Loft, & Bowden, 2015; Loft et al.,
2014; McBride & Abney, 2012; Rummel et al., 2017), though one
study only found increases in tau (Abney et al., 2013). Importantly,
when correlating these parameter changes with PM accuracy, Ball
and Brewer (2018) found that only mean-level changes predicted
nonfocal PM, and that standard proactive control measures were
positively correlated with mu and negatively correlated with tau
(see also Loft et al., 2014, for a positive PM correlation with mu).
Further, Ball et al. (2015) found that in a condition where the PM
targets could be predicted by context, changes in mu were related
to PM, but in a nonpredictive condition the amount of tau predicted
PM.

These findings are sensible from the monitoring perspective
if we conceptualize increases in mu to reflect continuous mon-
itoring profiles and increases in tau as reflecting more transient
monitoring. In cases where participants monitor continuously,

mean-level changes indicate a sustained attentional control
strategy that is not susceptible to mindwandering or lapses in
attention. Changes in tau, however, more likely reflects partic-
ipants’ inability to maintain monitoring on every trial, presum-
ably because monitoring is resource-demanding and difficult to
sustain. These suggestions are validated by Rummel et al.
(2017), who found that task-unrelated thoughts decreased with
the addition of a PM task, and that mu increased, implying that
the addition of a PM task resulted in a more sustained on-task
focus.

Increases in the ex-Gaussian parameter tau initially seem to
defy easy interpretation from delay theory (particularly so for a
fixed PMDC model), in that increases in the skew of the
distribution reflect lapses in costs, and because decision thresh-
olds are not capacity-consuming, the motivations for why par-
ticipants may go back and forth between exercising appropriate
degrees of response caution are not obvious. This is especially
true given that proactive control measures (i.e., the cognitive
mechanism assumed by PMDC to underlie changes in decision
thresholds) were negatively associated with skew and positively
associated with mu (Ball & Brewer, 2018). Although this line of
reasoning may still have merit, it is somewhat undercut by
findings by Matzke and Wagenmakers (2009) who used simu-
lation methods to show that changes in the decision threshold
parameter can be reflected by changes in both mu and tau.
Therefore, it is possible that the decision threshold parameter
may be changed more transiently; though, we are uncertain why
this would be the case in PM research if doing so does not
require additional cognitive resources.

Remaining Puzzles

In light of our specific findings, as well as those from the field
as a whole, we highlight several areas that are in particular need of
further research and theoretical justification. First, research needs
to better clarify why having multiple focal PM cues impairs PM.
Neither the multiprocess view nor the delay views at present
provide a compelling explanation for this effect. The issue is that
the theories provide very little distinction between the processes
underlying PM with one focal cue as compared with three or four
cues.

Second, PM trial frequency did not affect focal PM whereas PM
onset delay did, though both moderators were predicted to affect
costs for similar reasons. Understanding why this is the case is
important not only for better understanding the processes under-
lying focal PM, but also because it could have a large impact when
interpreting results from studies using different experimental
methodologies. More specifically, drawing inferences between
studies that manipulate focality but have markedly different PM
frequencies may be confounded.

Third, more research is needed to understand the differential
dynamics between monitoring/delay policies that are set at the
outset of the experiment versus those that develop over the course
of the experiment. In the case of a monitoring view, many justi-
fications can be marshaled for the present findings; these include
the assumption that monitoring is difficult to sustain and often
lapses over the course of the study or is engaged transiently (Ball,
Knight, Dewitt, & Brewer, 2013). Research verifying the validity
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of this claim is needed. Is it actually the difficulty of monitoring
that causes attentional lapses?

Given our findings, a fixed PMDC model faces major chal-
lenges, and cannot readily account for within-block fluctuations.
An adaptive PMDC model, however, may justify changes in costs
based on motivational reasons (rather than a cognitive demand–
difficulty explanation), such as participants wanting to finish the
task faster or simply placing less priority on making successful PM
responses. But, as already noted there is currently no theoretical
account of how participants set their decision thresholds (Ratcliff
et al., 2016). The standard interpretation is that they are set at the
outset of the experiment (or within a few trials); therefore, partic-
ipants determine their information criterion without feedback to
guide them. This is especially true in PM studies, where ongoing
task feedback is typically not provided (cf. Heathcote et al., 2015;
Strickland et al., 2017, 2018), and PM task feedback is never
provided. A better understanding of how people set their decision
thresholds, as well as why people may update their delay policy
midexperiment are critical issues to consider from the perspective
of delay theory. Perhaps the use of thought probe procedures (e.g.,
Anderson & Einstein, 2017; Plimpton, Patel, & Kvavilashvili,
2015; Rummel et al., 2017) or other experience sampling methods
will be able to better elucidate the underlying cognitive reasons for
these changes in either delay or monitoring policies.

Finally, we return to the findings of the meta-analysis regard-
ing ongoing task accuracy. Delay theory clearly states that
participants make a speed/accuracy tradeoff when PM demands
are added to the ongoing task, which is reflected by more
conservative decision thresholds. Because accuracy actually
decreases as costs increase, the assumption that decision thresh-
olds alone underlie PM-related costs (Heathcote et al., 2015) is
seriously called into question. The PMDC model (Strickland et
al., 2018) does propose an additional reactive control mecha-
nism, but it can only occur on PM trials. Because PM trials (and
a few after) are typically excluded from analysis of ongoing
task costs, these findings are problematic for the PMDC model
as well. Though monitoring approaches have focused mostly on
response time cost to the ongoing task when a PM intention is
present, these approaches assume that ongoing task perfor-
mance will generally suffer from holding a PM intention (e.g.,
Smith, 2003). Accordingly, the present finding that ongoing
task accuracy declines as response times slow (i.e., no tradeoff
between speed and accuracy, but correlated decline instead)
conforms to a monitoring view but is puzzling from the per-
spective of delay theories. Given the consistent increases in
decision thresholds observed by the modeling efforts associated
with delay theory, more theoretical work from delay theory is
needed to specify how greater PM-related costs could simulta-
neously be associated with increases in decision thresholds but
decreases in accuracy. Such efforts would likely need to use
more difficult ongoing tasks than those typically used by PM
researchers.

In sum, the present meta-analysis provides benchmarks of PM
costs—benchmarks that are not provided by individual studies. In
so doing, the analysis highlights the need for further theoretical
specification within current PM theories. Many of the findings
suggest further elaboration of these theories, as well as directions
for theoretically fruitful future research.
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Appendix

Effect Sizes and Their Codings

Study Exp Design CB Same Ss Age
First
PM

PM
trials

OT
trials

PM
cues Focality Ntot N1 N2 RTd ACCd

PM
Acc

Abney, McBride, and Petrella (2013) 1 wn No 1 20 26 6 102 1 Focal 40 .514 .246 .780
Abney et al. (2013) 1 wn No 2 20 26 6 102 1 Nonfocal 40 1.085 .105 .590
Abney et al. (2013) 2 wn No 20 26 6 102 1 Focal 31 1.456 �.159 .650
Abney et al. (2013) 2 wn No 20 26 6 102 1 Nonfocal 29 .744 .308 .675
Abney et al. (2013) 2 wn No 20 26 6 102 1 Focal 30 .719 .609 .765
Abney et al. (2013) 2 wn No 20 26 6 102 1 Nonfocal 30 1.360 .463 .525
Abney, McBride, Conte, and Vinson (2015) 1 wn No 20 31 4 56 2 Focal 17 �.303 .456 .710
Abney et al. (2015) 1 wn No 20 31 4 56 1 Nonfocal 21 .245 .975 .640
Albiński, Kliegel, and Gurynowicz (2016) 1 wn No 20 10 12 108 12 Focal 54 .247 �.057 .560
Albiński et al. (2016) 2 wn No 20 15 12 188 12 Focal 59 �.152 NSUR .420
Albiński, Sedek, and Kliegel (2012) 1 wn No 20 4 20 1 Nonfocal 63 .019 �.137 .680
Albiński et al. (2012) 1 wn No 45 4 20 1 Nonfocal 28 .369 .000 .680
Albiński et al. (2012) 1 wn No 65 4 20 1 Nonfocal 47 �.106 .071 .350
Altgassen, Kretschmer, and Schnitzspahn (2017) 1 wn No 10 4 89 4 Focal 49 .352 .198 .940
Altgassen et al. (2017) 1 wn No 20 4 89 4 Focal 60 .150 .270 .977
Anderson et al. (2018) 1 wn No 15 12 9 211 1 Nonfocal 24 1.717 1.141 .550
Anderson et al. (2018) 1 wn No 15 12 9 211 1 Nonfocal 24 1.763 .038 .730
Anderson et al. (2018) 1 wn No 15 12 9 211 1 Nonfocal 24 1.180 .021 .590
Ball and Aschenbrenner (2018) 1 wn Yes 15 25 8 202 1 Nonfocal 34 1.305 .174 .890
Ball and Aschenbrenner (2018) 1 wn Yes 75 25 8 202 1 Nonfocal 29 .879 .189 .850
Ball and Aschenbrenner (2018) 1 wn Yes 15 25 8 202 1 Nonfocal 33 .972 .000 .830
Ball and Aschenbrenner (2018) 1 wn Yes 70 25 8 202 1 Nonfocal 29 .792 .000 .640
Ball and Brewer (2018) 1 wn No 20 25 16 404 2 Nonfocal 147 .684 �.131 .620
Ball and Brewer (2018) 2 wn No 20 25 8 202 1 Nonfocal 131 1.093 .041 .720
Ball and Brewer (2018) 2 wn No 20 25 8 202 1 Nonfocal 139 1.145 .145 .810
Ball and Brewer (2018) 3 wn No 1 20 25 8 202 2 Focal 167 .238 .012 .920
Ball and Brewer (2018) 3 wn No 2 20 25 8 202 1 Nonfocal 167 .948 .104 .770
Ball and Bugg (2018) 1 wn Yes 20 34 8 272 1 Nonfocal 33 .886 .230 .720
Ball and Bugg (2018) 1 wn Yes 20 34 8 272 1 Nonfocal 33 1.033 �.109 .720
Ball and Bugg (2018) 2 wn Yes 20 34 8 272 1 Nonfocal 34 1.732 �.006 .720
Ball and Bugg (2018) 2 wn Yes 20 34 8 272 1 Nonfocal 34 1.206 �.188 .630
Ball, Brewer, Loft, and Bowden (2015) 1 wn No 20 25 4 101 1 Nonfocal 56 .413 �.709 .830
Ball et al. (2015) 1 wn No 20 25 4 101 1 Nonfocal 56 �.210 �.462 .710
Ballhausen, Schnitzspahn, Horn, and Kliegel (2017) 1 wn No 20 15 16 224 2 Focal 42 .659 �.206 .740
Ballhausen et al. (2017) 1 wn No 65 15 16 224 2 Focal 42 .800 �.125 .615
Ballhausen et al. (2017) 1 wn No 20 15 16 224 2 Nonfocal 42 1.202 �.214 .685
Ballhausen et al. (2017) 1 wn No 65 15 16 224 2 Nonfocal 41 1.180 �.598 .560
Beck, Ruge, Walser, and Goschke (2014) 1 wn No 55 35 175 1 Nonfocal 47 .488 �.341 .987
Bowden, Smith, and Loft (2017) 1 wn No 20 26 4 100 4 Focal 34 .636 .097 .700
Bowden et al. (2017) 1 wn No 20 26 4 100 4 Focal 32 .783 .000 .830
Boywitt & Rummel (2012) 2 bt 1 20 26 6 176 1 Focal 60 30 30 �.116 �.235 1.000
Boywitt & Rummel (2012) 2 bt 2 20 26 6 176 6 Nonfocal 56 30 26 1.132 .000 .320
Brewer, Knight, Marsh, and Unsworth (2010) 1 wn No 1 20 25 4 101 1 Focal 60 �.050 �.098 .905
Brewer et al. (2010) 1 wn No 2 20 25 4 101 1 Nonfocal 60 .364 .213 .800

(Appendix continues)
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Appendix (continued)

Study Exp Design CB Same Ss Age
First
PM

PM
trials

OT
trials

PM
cues Focality Ntot N1 N2 RTd ACCd

PM
Acc

Bugg & Ball (2017) 1 wn No 20 28 8 248 1 Nonfocal 37 �.167 .167 .890
Bugg & Ball (2017) 1 wn No 20 28 8 248 1 Nonfocal 37 .472 �.125 .900
Bugg & Ball (2017) 2 wn No 20 28 8 248 1 Nonfocal 33 .084 .000 .880
Bugg & Ball (2017) 2 wn No 20 28 8 248 1 Nonfocal 33 .773 �.083 .950
Bugg & Ball (2017) 2 wn No 20 28 8 248 1 Nonfocal 31 .303 .167 .900
Bugg & Ball (2017) 3 wn No 20 28 8 248 1 Nonfocal 35 �.174 .042 .860
Bugg & Ball (2017) 3 wn No 20 28 8 248 1 Nonfocal 35 .305 .125 .900
Bugg & Ball (2017) 3 wn No 20 28 8 248 1 Nonfocal 33 .450 .083 .750
Bugg, McDaniel, Scullin, and Braver (2011) 2 wn Yes 20 61 4 258 1 Nonfocal 24 .276 .360 .905
Bugg et al. (2011) 2 wn Yes 20 61 4 258 1 Nonfocal 24 .816 �.066 .770
Burgess, Quayle, and Frith (2001) 1 wn No 25 96 384 4 Nonfocal 8 .454 .000 .861
Cejudo, Gómez-Ariza, and Bajo (2019) 1 wn Yes 1 5 10 5 50 2 Focal 45 .662 �.407 .740
Cejudo et al. (2019) 1 wn Yes 2 5 8 5 50 2 Nonfocal 45 1.476 �1.084 .500
Cejudo et al. (2019) 1 wn Yes 1 10 10 5 50 2 Focal 50 .590 .000 .920
Cejudo et al. (2019) 1 wn Yes 2 10 8 5 50 2 Nonfocal 50 2.904 �1.052 .820
Chen, Huang, Jackson, and Yang (2009) 1 wn Yes 1 15 20 80 1 Nonfocal 18 1.642 �.333 .880
Chen et al. (2009) 1 wn Yes 2 15 20 80 1 Nonfocal 18 1.888 �1.015 .800
Chen et al. (2007) 1 wn No 20 60 240 1 Nonfocal 20 .689 .103 .000
Cohen (2013) 1 wn No 20 20 12 240 1 Focal 19 .069 �.455 .830
Cohen (2013) 1 wn No 20 20 12 240 2 Focal 19 .083 �.146 .810
Cohen (2013) 1 wn No 20 20 12 240 3 Focal 19 .304 �.139 .830
Cohen (2013) 1 wn No 20 20 12 240 4 Focal 19 .678 �.174 .710
Cohen (2013) 1 wn No 20 20 12 240 5 Focal 19 .968 �.105 .690
Cohen (2013) 1 wn No 20 20 12 240 6 Focal 19 .429 .003 .580
Cohen, Jaudas, and Gollwitzer (2008) 1 wn No 20 20 12 240 1 Focal 16 �1.092 UR .740
Cohen et al. (2008) 1 wn No 20 20 12 240 2 Focal 16 �.504 UR .710
Cohen et al. (2008) 1 wn No 20 20 12 240 3 Focal 16 �.186 UR .730
Cohen et al. (2008) 1 wn No 20 20 12 240 4 Focal 16 �.056 UR .740
Cohen et al. (2008) 1 wn No 20 20 12 240 5 Focal 16 .234 UR .690
Cohen et al. (2008) 1 wn No 20 20 12 240 6 Focal 16 .224 UR .700
Cohen, Jaudas, Hirschhorn, Sobin, and Gollwitzer

(2012) 1 wn No 20 22 12 240 6 Focal 27 �.412 UR .534
Cohen et al. (2012) 2 wn No 20 22 12 240 6 Focal 22 �.238 UR .663
Cohen et al. (2012) 2 wn No 20 22 12 240 6 Focal 20 �.169 UR .663
Cohen et al. (2012) 3 wn No 20 220 1 251 6 Focal 20 �.209 UR .520
Cohen et al. (2012) 3 wn No 20 220 1 251 6 Focal 20 �.167 UR .520
Cohen, Gordon, Jaudas, Hefer, and Dreisbach

(2017) 1 wn No 20 24 144 1 Nonfocal 20 1.376 UR .710
Cona, Arcara, Tarantino, and Bisiacchi (2012) 1 wn No 20 70 5 345 1 Focal 14 .041 .104 .870
Cona, Arcara, Tarantino, and Bisiacchi (2015) 1 wn No 20 15 385 1 Nonfocal 21 .378 �.286 .870
Cona et al. (2015) 1 wn No 20 15 385 1 Nonfocal 20 .940 .000 .800
Cona, Bisiacchi, and Moscovitch (2014) 1 wn Yes 1 20 36 570 1 Focal 24 .757 �.259 .920
Cona et al. (2014) 1 wn Yes 2 20 36 570 1 Nonfocal 24 1.085 �.545 .910
Conte & McBride (2018) 1 bt 1 20 37 1 249 1 Nonfocal 71 35 36 1.018 NSUR 1.000
Conte & McBride (2018) 1 bt 2 20 111 1 249 1 Nonfocal 70 35 35 .660 NSUR .940
Conte & McBride (2018) 1 bt 3 20 221 1 249 1 Nonfocal 72 35 37 .807 NSUR .780
Cook, Rummel, and Dummel (2015) 1 wn No 20 20 12 160 1 Nonfocal 32 .418 .133 .790
Cook et al. (2015) 1 wn No 20 20 12 160 1 Nonfocal 32 .429 .163 .650
Cook et al. (2015) 2 wn No 20 20 12 160 1 Nonfocal 27 .718 .000 .930
Cook et al. (2015) 2 wn No 20 20 12 160 1 Nonfocal 28 .536 .187 .930
Cook et al. (2015) 2 wn No 20 20 12 160 1 Nonfocal 28 .718 .000 .760
Cruz, Miyakoshi, Makeig, Kilborn, and Evans

(2016) 1 wn No 1 20 12 60 540 1 Focal 25 .179 .000 .780
Cruz et al. (2016) 1 wn No 2 20 12 60 540 1 Nonfocal 25 .063 �.392 .880
Czernochowski, Horn, and Bayen (2012) 1 wn No 1 20 16 484 3 Nonfocal 16 1.156 .307 .555
Czernochowski et al. (2012) 1 wn No 2 20 100 400 3 Nonfocal 16 1.610 .000 .893
Einstein et al. (2005) 1 wn Yes 20 4 188 1 Focal 24 .417 .000 .880
Einstein et al. (2005) 1 wn Yes 20 4 188 1 Focal 24 .570 .000 .920
Einstein et al. (2005) 1 wn Yes 20 4 188 1 Nonfocal 24 .967 .000 .530
Einstein et al. (2005) 1 wn Yes 20 4 188 1 Nonfocal 24 1.692 .000 .810
Einstein et al. (2005) 2 wn Yes 20 40 4 156 1 Focal 24 .155 .000 .930
Einstein et al. (2005) 2 wn Yes 20 40 4 156 1 Nonfocal 24 1.228 .000 .610
Einstein et al. (2005) 3 wn Yes 20 26 4 106 1 Focal 32 .155 .095 .800
Einstein et al. (2005) 3 wn Yes 20 26 4 106 6 Focal 32 .690 .095 .720
Einstein et al. (2005) 4 wn Yes 20 26 4 106 1 Focal 104 .122 �.100 .945
Gonneaud et al. (2017) 1 wn Yes 25 8 5 105 1 Nonfocal 20 .846 �.298 .952
Gonneaud et al. (2017) 1 wn Yes 60 8 5 105 1 Nonfocal 20 1.727 �1.167 .867
Guynn (2003) 1 wn Yes 1 20 3 4 24 1 Nonfocal 64 .500 �.758 .840

(Appendix continues)
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Appendix (continued)

Study Exp Design CB Same Ss Age
First
PM

PM
trials

OT
trials

PM
cues Focality Ntot N1 N2 RTd ACCd

PM
Acc

Guynn (2003) 1 wn Yes 2 20 3 4 24 1 Nonfocal 64 .465 �.513 .790
Lee & McDaniel (2013) 1 wn Yes 20 16 2 40 2 Focal 28 �.054 �.100 .890
Lee & McDaniel (2013) 1 wn Yes 20 16 2 40 2 Focal 28 .056 �.100 .980
Lee & McDaniel (2013) 1 wn Yes 20 16 2 40 2 Focal 28 .106 �.100 .950
Lee & McDaniel (2013) 1 wn Yes 20 16 2 40 2 Focal 28 �.045 �.100 .840
Harrison & Einstein (2010) 1 wn No 20 163 1 165 1 Focal 42 �.111 NSUR .750
Harrison & Einstein (2010) 1 wn No 20 163 1 165 1 Focal 42 .086 NSUR .850
Harrison, Mullet, Whiffen, Ousterhout, and

Einstein (2014) 1 wn Yes 20 75 4 316 1 Focal 56 .139 .000 .625
Harrison et al. (2014) 2 wn Yes 20 75 4 316 1 Focal 56 �.001 .000 .450
Harrison et al. (2014) 3 wn Yes 20 75 4 316 1 Focal 32 �.025 .000 .910
Harrison et al. (2014) 3 wn Yes 20 75 4 316 1 Focal 32 .019 .149 .460
Heathcote, Loft, and Remington (2015) 1 wn Yes 20 15 9 211 1 Nonfocal 47 .498 .397 .520
Heathcote et al. (2015) 2 wn Yes 20 15 9 211 1 Nonfocal 48 .845 NSUR .500
Hefer, Cohen, Jaudas, and Dreisbach (2017) 1 bt 20 24 144 1 Nonfocal 47 23 24 .741 �.111 .870
Hefer et al. (2017) 2 bt 20 24 144 1 Focal 39 20 19 .018 .422 .680
Hicks, Marsh, and Cook (2005) 1 bt 20 80 2 208 1 Nonfocal 70 35 35 .320 NSUR .690
Hicks et al. (2005) 2 bt 1 20 80 2 208 2 Focal 70 35 35 �.091 NSUR .760
Hicks et al. (2005) 2 bt 2 20 80 2 208 1 Nonfocal 70 35 35 .217 NSUR .710
Horn & Bayen (2015) 1 wn No 20 40 12 488 3 Nonfocal 22 .963 .218 .450
Horn & Bayen (2015) 3 bt 1 20 38 12 480 3 Nonfocal 75 37 37 .863 1.167 .460
Horn & Bayen (2015) 3 bt 2 20 38 12 480 3 Nonfocal 75 37 37 .640 1.000 .310
Horn & Bayen (2015) 4 bt 1 20 38 12 480 3 Focal 59 29 30 .574 .117 .810
Horn & Bayen (2015) 4 bt 2 20 38 12 480 3 Nonfocal 59 29 30 .943 .281 .320
Ihle, Ghisletta, and Kliegel (2017) 1 wn No 1 40 4 46 2 Focal 150 .270 .162 .840
Ihle et al. (2017) 1 wn No 2 40 4 46 2 Nonfocal 150 .476 .210 .880
Jäger & Kliegel (2008) 1 wn No 20 22 5 117 1 Nonfocal 30 .312 NSUR .970
Jäger & Kliegel (2008) 1 wn No 65 22 5 117 1 Nonfocal 32 .125 NSUR .950
Knight, Ethridge, Marsh, and Clementz (2010) 1 wn No 20 140 560 1 Nonfocal 12 .107 �.947 .882
Knight et al. (2011) 1 wn No 20 25 4 101 1 Nonfocal 26 .272 NSUR .900
Knight et al. (2011) 1 wn No 20 25 4 101 1 Nonfocal 29 1.027 NSUR .900
Knight et al. (2011) 1 wn No 20 25 4 101 1 Nonfocal 26 .700 NSUR .920
Kominsky & Reese-Melancon (2017) 1 wn No 20 40 3 97 1 Nonfocal 40 .358 .373 .450
Kominsky & Reese-Melancon (2017) 1 wn No 70 40 3 97 1 Nonfocal 40 .146 .456 .530
Kominsky & Reese-Melancon (2017) 1 wn No 15 40 3 97 1 Nonfocal 25 .116 UR .210
Kominsky & Reese-Melancon (2017) 1 wn No 70 40 3 97 1 Nonfocal 34 �.064 UR .150
Kominsky & Reese-Melancon (2017) 1 wn No 15 40 3 97 1 Nonfocal 40 .202 .348 .290
Kominsky & Reese-Melancon (2017) 1 wn No 75 40 3 97 1 Nonfocal 40 �.015 .476 .380
Leigh & Marcovitch (2014) 1 bt 5 12 1 14 1 Focal 75 37 38 .527 UR .842
Loft & Humphreys (2012) 1 bt 1 20 15 8 192 1 Focal 144 96 48 1.269 NSUR .850
Loft & Humphreys (2012) 1 bt 2 20 15 8 192 1 Focal 144 96 48 1.605 NSUR .940
Loft & Humphreys (2012) 1 bt 3 20 15 8 192 1 Nonfocal 144 96 48 1.744 NSUR .600
Loft & Humphreys (2012) 1 bt 4 20 15 8 192 1 Nonfocal 144 96 48 2.094 NSUR .770
Loft & Yeo (2007) 1 bt 1 20 24 8 256 4 Focal 52 26 26 1.200 NSUR .860
Loft & Yeo (2007) 1 bt 2 20 24 8 256 4 Focal 52 26 26 .830 NSUR .870
Loft & Yeo (2007) 3 bt 20 33 8 256 4 Focal 76 20 56 .832 NSUR .870
Loft & Yeo (2007) 3 bt 20 90 8 712 4 Focal 76 20 56 .523 NSUR .730
Lourenço & Maylor (2014) 1 wn No 20 50 5 251 1 Nonfocal 21 .979 NSUR .640
Lourenço & Maylor (2014) 1 wn No 20 50 5 251 1 Nonfocal 20 .914 NSUR .710
Lourenço & Maylor (2014) 1 wn No 20 50 5 251 1 Nonfocal 20 .960 NSUR .680
Lourenço & Maylor (2014) 1 wn No 20 50 5 251 1 Nonfocal 20 1.270 NSUR .870
Lourenço, Hill, and Maylor (2015) 1 wn No 20 101 4 256 1 Nonfocal 28 .485 NSUR .640
Lourenço et al. (2015) 1 wn No 20 101 4 256 1 Nonfocal 30 .022 NSUR .390
Lourenço, White, and Maylor (2013) 1 wn No 20 31 8 244 1 Nonfocal 38 .174 �.134 .780
Lourenço et al. (2013) 1 wn No 20 31 8 244 1 Nonfocal 39 .440 �.368 .770
Marsh, Cook, and Hicks (2006a) 1 wn No 20 4 86 1 Nonfocal 30 .615 UR .910
Marsh et al. (2006a) 1 wn No 20 4 86 1 Nonfocal 31 .600 UR .970
Marsh et al. (2006a) 1 wn No 20 4 86 1 Nonfocal 28 .271 UR .860
Marsh et al. (2006a) 1 wn No 20 4 86 1 Nonfocal 29 .244 UR .950
Marsh et al. (2006a) 2 wn No 20 4 86 1 Nonfocal 32 .869 UR .940
Marsh et al. (2006a) 2 wn No 20 4 86 1 Nonfocal 30 .937 UR .980
Marsh, Hicks, and Cook (2005) 1 bt 1 20 26 6 204 1 Nonfocal 60 30 30 .351 �.354 .505
Marsh et al. (2005) 1 bt 2 20 26 6 204 1 Nonfocal 62 30 32 .887 .000 .345
Marsh et al. (2005) 2 bt 1 20 26 6 204 1 Nonfocal 62 31 31 .700 NSUR .660
Marsh et al. (2005) 2 bt 2 20 26 6 204 1 Nonfocal 62 31 31 .669 NSUR .765
Marsh, Hicks, and Cook (2006b) 1 wn No 20 4 101 1 Nonfocal 29 .500 UR .930
Marsh, Hicks, Cook, Hansen, and Pallos (2003) 1 bt 1 20 25 8 202 1 Focal 72 36 36 �.064 UR .930
Marsh et al. (2003) 1 bt 2 20 25 8 202 1 Nonfocal 72 36 36 .346 UR .780

(Appendix continues)
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Appendix (continued)

Study Exp Design CB Same Ss Age
First
PM

PM
trials

OT
trials

PM
cues Focality Ntot N1 N2 RTd ACCd

PM
Acc

May, Manning, Einstein, Becker, and Owens
(2015) 1 wn Yes 15 50 12 708 2 Focal 40 .624 �.524 .411

May et al. (2015) 1 wn Yes 65 50 12 708 2 Focal 32 .397 UR .372
McBride & Abney (2012) 1 bt 20 10 6 90 1 Focal 47 25 22 .223 �.841 .930
McBride & Abney (2012) 1 bt 20 10 6 90 1 Nonfocal 46 23 23 .420 1.279 .720
McBride & Abney (2012) 1 bt 20 10 6 90 1 Nonfocal 48 23 25 1.046 �.625 .760
McBride, Beckner, and Abney (2011) 2 wn No 20 41 1 400 1 Focal 14 .392 UR .930
McBride et al. (2011) 2 wn No 20 41 1 400 1 Nonfocal 14 .778 UR .930
McBride et al. (2011) 2 wn No 20 101 1 400 1 Focal 14 �.012 UR .930
McBride et al. (2011) 2 wn No 20 101 1 400 1 Nonfocal 14 .193 UR .430
McBride et al. (2011) 2 wn No 20 201 1 400 1 Focal 14 �.208 UR .790
McBride et al. (2011) 2 wn No 20 201 1 400 1 Nonfocal 14 �.156 UR .430
McBride et al. (2011) 2 wn No 20 301 1 400 1 Focal 14 �.668 UR 1.000
McBride et al. (2011) 2 wn No 20 301 1 400 1 Nonfocal 14 .212 UR .360
McBride et al. (2011) 2 wn No 20 401 1 400 1 Focal 14 �.096 UR .860
McBride et al. (2011) 2 wn No 20 401 1 400 1 Nonfocal 14 .047 UR .430
McDaniel, Howard, and Butler (2008) 2 bt 1 20 36 8 320 2 Focal 64 32 32 .054 .148 .950
McDaniel et al. (2008) 2 bt 2 20 36 8 320 2 Focal 64 32 32 .110 .123 .870
McDaniel et al. (2008) 2 bt 3 20 36 8 320 2 Focal 64 32 32 .018 .074 .890
McDaniel, Lamontagne, Beck, Scullin, and Braver

(2013) 1 wn Yes 20 10 505 1 Focal 20 .491 .000 .890
McDaniel et al. (2013) 1 wn Yes 20 10 505 1 Nonfocal 25 1.079 �.663 .740
McNerney & West (2007) 1 wn Yes 20 25 16 384 4 Nonfocal 20 .783 �.683 .380
McNerney & West (2007) 2 wn Yes 15 25 16 384 1 Nonfocal 30 .603 .331 .635
McNerney & West (2007) 3 wn Yes 15 25 16 384 1 Nonfocal 26 .976 .416 .590
Meier & Rey-Mermet (2018) 1 bt 1 20 3 6 24 1 Nonfocal 40 20 20 .425 .098 .940
Meier & Rey-Mermet (2018) 1 bt 2 20 30 0 30 1 Nonfocal 40 20 20 .729 .197 .000
Meier & Rey-Mermet (2018) 2 bt 1 20 3 6 24 1 Nonfocal 40 20 20 .224 �.721 .810
Meier & Rey-Mermet (2018) 2 bt 2 20 30 0 30 1 Nonfocal 40 20 20 .071 �.590 .000
Meier & Rey-Mermet (2018) 3 bt 1 20 3 6 24 1 Nonfocal 40 20 20 .302 �.262 .970
Meier & Rey-Mermet (2018) 3 bt 2 20 30 0 30 1 Nonfocal 40 20 20 �.034 �.393 .000
Meier & Rey-Mermet (2018) 4 bt 1 20 3 6 24 1 Nonfocal 40 20 20 1.384 .623 .910
Meier & Rey-Mermet (2018) 4 bt 2 20 30 0 30 1 Nonfocal 40 20 20 .079 .131 .000
Meier & Zimmermann (2015) 1 wn No 20 47 4 188 4 Focal 60 .685 .226 .460
Meier & Zimmermann (2015) 2 wn No 20 47 4 188 4 Nonfocal 153 .577 .209 .440
Mullet et al. (2013) 1 wn Yes 1 15 105 3 267 1 Focal 36 �.023 NSUR .820
Mullet et al. (2013) 1 wn Yes 2 15 105 3 267 1 Nonfocal 36 .203 NSUR .700
Mullet et al. (2013) 1 wn Yes 1 65 105 3 267 1 Focal 48 .091 NSUR .880
Mullet et al. (2013) 1 wn Yes 2 65 105 3 267 1 Nonfocal 48 .319 NSUR .525
Parker, Garry, Einstein, and McDaniel (2011) 1 wn Yes 20 40 4 156 1 Nonfocal 24 1.864 �.333 .670
Parker et al. (2011) 1 wn Yes 20 40 4 156 1 Nonfocal 24 1.200 �.333 .490
Pereira et al. (2018) 1 wn Yes 20 15 16 400 1 Nonfocal 32 .700 �.167 .710
Reynolds, West, and Braver (2009) 1 wn Yes 20 16 128 1 Nonfocal 18 .908 �.132 .940
Rummel & Meiser (2013) 1 bt 1 20 51 1 99 1 Nonfocal 65 33 32 .303 .000 .840
Rummel & Meiser (2013) 1 bt 2 20 51 1 99 1 Nonfocal 63 33 30 �.181 .000 .800
Rummel & Meiser (2013) 2 bt 1 20 41 3 160 1 Nonfocal 71 35 36 .367 .000 .890
Rummel & Meiser (2013) 2 bt 2 20 41 3 160 1 Nonfocal 70 35 35 �.255 .000 .920
Rummel & Meiser (2013) 3 bt 1 20 20 6 100 1 Nonfocal 59 30 29 .645 .000 .550
Rummel & Meiser (2013) 3 bt 2 20 20 6 100 1 Nonfocal 58 30 28 1.267 .000 .590
Rummel, Einstein, and Rampey (2012) 2 bt 1 20 86 4 200 2 Focal 64 32 32 .520 NSUR .510
Rummel et al. (2012) 2 bt 2 20 86 4 200 2 Focal 64 32 32 .681 NSUR .400
Rummel, Smeekens, and Kane (2017) 1 bt 20 43 8 296 1 Nonfocal 103 51 52 .632 .283 .740
Rummel et al. (2017) 2 bt 1 20 180 4 300 1 Nonfocal 92 48 44 .372 .107 .350
Rummel et al. (2017) 2 bt 2 20 180 4 300 1 Focal 94 48 46 .416 .207 .770
Rummel et al. (2017) 3 bt 1 20 180 4 300 1 Nonfocal 99 49 50 .348 .398 .420
Rummel et al. (2017) 3 bt 2 20 180 4 300 1 Nonfocal 96 49 47 .388 .397 .710
Scolaro, West, and Cohen (2014) 1 wn Yes 1 15 20 10 190 5 Focal 24 .338 .174 .930
Scolaro et al. (2014) 1 wn Yes 2 15 20 10 190 5 Focal 24 .741 .000 .940
Scullin, McDaniel, and Einstein (2010) 1 wn Yes 20 51 4 204 1 Focal 64 .164 .000 .730
Scullin, McDaniel, and Einstein (2010) 2 wn Yes 20 51 4 204 1 Focal 96 .083 .130 .880
Scullin, McDaniel, and Einstein (2010) 2 wn Yes 20 51 4 204 1 Nonfocal 96 .358 �.130 .330
Scullin, McDaniel, and Shelton (2013) 1 bt 20 101 2 162 2 Focal 121 25 96 .233 NSUR .377
Scullin, McDaniel, Shelton, and Lee (2010) 3 wn Yes 20 51 4 204 1 Focal 24 .180 .000 .880
Scullin, McDaniel, Shelton, and Lee (2010) 3 wn Yes 20 51 4 204 1 Nonfocal 24 .598 �.289 .750
Scullin, McDaniel, Shelton, and Lee (2010) 4 wn No 20 501 1 510 1 Focal 40 .146 �.295 .730
Scullin, McDaniel, Shelton, and Lee (2010) 4 wn No 20 501 1 510 1 Nonfocal 40 .283 �.221 .180
Smith (2003) 1 bt 20 30 12 492 6 Focal 95 33 62 1.121 NSUR .690
Smith (2003) 2 bt 20 40 12 492 6 Focal 32 12 20 .789 UR .780

(Appendix continues)
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Appendix (continued)

Study Exp Design CB Same Ss Age
First
PM

PM
trials

OT
trials

PM
cues Focality Ntot N1 N2 RTd ACCd

PM
Acc

Smith & Bayen (2004) 1 wn No 20 10 6 56 6 Nonfocal 32 1.257 NSUR .650
Smith & Bayen (2004) 1 wn No 20 10 6 56 6 Nonfocal 32 1.024 NSUR .460
Smith & Bayen (2004) 2 wn No 20 10 6 54 6 Nonfocal 50 1.824 NSUR .825
Smith & Bayen (2004) 2 wn No 20 10 6 54 6 Nonfocal 50 .768 NSUR .715
Smith & Bayen (2006) 1 wn No 15 10 6 56 6 Nonfocal 33 1.124 �.532 .680
Smith & Bayen (2006) 1 wn No 70 10 6 56 6 Nonfocal 31 .804 �.532 .460
Smith & Loft (2014) 1 bt 20 4 4 60 6 Nonfocal 113 58 55 1.771 NSUR .760
Smith & Loft (2014) 2 bt 20 4 4 60 6 Nonfocal 201 103 98 1.266 �.257 .470
Smith & Loft (2014) 3 bt 20 39 2 76 6 Nonfocal 131 49 82 1.064 �.302 .780
Smith, Bayen, and Martin (2010) 1 bt 5 9 6 60 3 Nonfocal 50 16 34 .617 NSUR .580
Smith et al. (2010) 1 bt 10 9 6 60 3 Nonfocal 53 16 37 1.006 NSUR .820
Smith et al. (2010) 1 bt 20 9 6 60 3 Nonfocal 36 13 23 1.981 NSUR .980
Smith, Hunt, and Murray (2017) 1 bt 20 23 4 116 4 Nonfocal 118 39 79 1.200 �.185 .795
Smith et al. (2017) 2 wn No 20 23 4 116 4 Nonfocal 102 �.031 �.498 .733
Smith et al. (2017) 3 wn No 20 23 1 119 1 Nonfocal 42 �.956 .000 .790
Smith et al. (2017) 3 wn No 20 118 1 119 1 Nonfocal 42 �.246 .000 .760
Smith, Hunt, McVay, and McConnell (2007) 1 bt 20 65 1 125 1 Both 63 20 43 .582 NSUR .930
Smith et al. (2007) 2 bt 20 65 1 125 1 Focal 46 20 26 .826 NSUR .846
Smith et al. (2007) 3 bt 20 10 6 62 1 Focal 71 23 48 .544 NSUR .890
Smith et al. (2007) 4 bt 20 10 6 62 1 Focal 95 47 48 .450 NSUR .970
Smith et al. (2014) 1 bt 1 20 10 6 56 6 Nonfocal 47 20 27 1.920 NSUR .510
Smith et al. (2014) 1 bt 2 20 10 6 56 6 Nonfocal 47 20 27 2.320 NSUR .670
Smith et al. (2014) 1 bt 3 20 10 6 56 6 Nonfocal 47 20 27 2.250 NSUR .680
Smith et al. (2014) 2 bt 1 20 10 6 56 6 Nonfocal 75 30 45 1.190 NSUR .430
Smith et al. (2014) 2 bt 2 20 10 6 56 6 Nonfocal 75 30 45 1.990 NSUR .615
Smith et al. (2014) 3 bt 1 20 20 4 108 2 Nonfocal 60 20 40 .141 NSUR .190
Smith et al. (2014) 3 bt 2 20 20 4 108 2 Nonfocal 60 20 40 .780 NSUR .410
Strickland, Heathcote, Remington, and Loft (2017) 1 wn Yes 1 25 13 99 1401 1 Focal 35 .159 .125 .800
Strickland et al. (2017) 1 wn Yes 2 25 13 99 1401 1 Nonfocal 35 .430 .132 .580
Strickland, Loft, Remington, and Heathcote (2018) 1 wn Yes 1 20 13 84 1236 1 Focal 35 .417 �.024 .870
Strickland et al. (2018) 1 wn Yes 2 20 13 84 1236 1 Nonfocal 35 1.054 .051 .600
Strickland et al. (2018) 2 wn Yes 1 15 13 84 1236 1 Nonfocal 36 1.344 .021 .700
Strickland et al. (2018) 2 wn Yes 2 15 13 84 1236 1 Nonfocal 36 .902 .000 .490
Walter & Meier (2017) 1 bt 1 20 180 3 573 3 Focal 66 33 33 .278 .000 .260
Walter & Meier (2017) 1 bt 2 20 180 3 573 3 Focal 66 33 33 .530 .000 .530
Walter & Meier (2017) 1 bt 3 20 180 3 573 3 Focal 66 33 33 .566 .392 .510
Walter & Meier (2017) 1 bt 4 20 180 3 573 3 Focal 66 33 33 .619 .333 .530
West & Bowry (2005) 1 wn Yes 15 10 90 1 Nonfocal 18 .803 .084 .640
West & Bowry (2005) 1 wn Yes 75 10 90 1 Nonfocal 18 1.013 �.467 .655
West, Scolaro, and Bailey (2011) 1 wn Yes 15 25 16 384 1 Nonfocal 24 .491 �.615 .580
West et al. (2011) 2 wn Yes 20 25 16 384 1 Nonfocal 20 .386 �.608 .505
Zimmermann & Meier (2010) 1 bt 1 10 47 4 188 1 Nonfocal 71 24 47 .042 UR .220
Zimmermann & Meier (2010) 1 bt 2 10 47 4 188 1 Nonfocal 69 24 45 .364 UR .310
Zimmermann & Meier (2010) 1 bt 1 20 47 4 188 1 Nonfocal 111 35 76 .433 UR .470
Zimmermann & Meier (2010) 1 bt 2 20 47 4 188 1 Nonfocal 102 35 67 .375 UR .470
Zimmermann & Meier (2010) 1 bt 1 65 47 4 188 1 Nonfocal 97 29 68 .209 UR .220
Zimmermann & Meier (2010) 1 bt 2 65 47 4 188 1 Nonfocal 75 29 46 .249 UR .390

Note. Study � peer reviewed studies; Exp � experiment number; Design � within or between; wn � within-subjects; bt � between-subjects; CB �
counterbalance; Same Ss � correlated effect sizes where the same group of subjects contributed to more than one effect within an experiment; Age �
semicontinuous binning of age. Effects with unreported YA age received the mean value of 20; First PM � trial number the first PM target appeared on;
PM trials � number of trials on which a PM target occurred; OT trials � number of ongoing task trials; PM cues � number of unique cues for a given
PM task; Focality � focal or nonfocal PM task; Ntot � total number of participants; N1 � participants in the control group, within subjects designs are
blank; N2 � participants in the PM group, within subjects designs are blank; RTd � Cohen’s d for the difference in response times from control to PM
block; ACCd � Cohen’s d for the difference in accuracy from control to PM block; NSUR � nonsignificant unreported results; UR � unreported results;
PM acc � proportion of correct responses to PM targets.
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