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Contextual information refers to any internal state and 
external environment in which an event occurs and is inex-
tricably bound to memory. As such, context plays a pivotal 
role in our everyday lives and is central to numerous theo-
retical accounts of memory (Estes, 1955; Howard et  al., 
2006; Ranganath, 2010) and attention (Brosowsky & 
Crump, 2016; Chun, 2000). Central to the current study, 
the formation of prospective memory (PM) intentions—
action plans to be completed in the future—involves the 
mental simulation of the future contexts in which the 
actions are to be completed (Brewer & Marsh, 2010). For 
example, forming the intention to pick up medication after 
work may include consideration of the business plaza of 
the pharmacy (i.e., spatial and perceptual contexts), the 
time in which one’s shift is over (i.e., temporal context), 
the frustration of driving in traffic after a long day’s work 
(i.e., emotional context), and the need to slow down to not 
miss the sharp turn into the plaza (i.e., sensorimotor con-
text). These contextual features get bound together in a 
memory trace with the associated action plan and can be 

reactivated to facilitate intention fulfilment (Koriat et al., 
1990).

Although context plays a critical role in everyday pro-
spective remembering, most laboratory PM tasks are 
highly constrained and limit the use of contextual informa-
tion to facilitate remembering. While controlled laboratory 
settings are necessary for theoretical development by lim-
iting idiosyncratic confounds to ensure that manipulations 
influence the processes that are under scrutiny, this experi-
mental control may limit the use of processes relevant for 
everyday remembering. This is nontrivial, as many studies 
have found that laboratory assessments of PM do not cor-
relate with naturalistic PM failures (e.g., Rendell & 

Strategic monitoring improves  
prospective memory: A meta-analysis

Phil Peper1 and B Hunter Ball1

Abstract
Monitoring the environment for target events that trigger prospective memory (PM) retrieval requires cognitive resources, 
reflected by costs to ongoing task performance (i.e., worse accuracy and/or slower response times). Strategic monitoring 
refers to the use of context to engage or disengage monitoring when a PM target is anticipated or unanticipated. 
Laboratory strategic monitoring studies have found mixed results as to whether context specification improves PM 
performance. This study employed a meta-analytic technique to assess the overall effect of context specification on PM 
performance and ongoing task metrics of strategic monitoring. Overall, context specification improved PM performance 
when the target was anticipated and improved ongoing task performance (speed and accuracy) when the target was not 
anticipated. Moderator analyses revealed the degree of slowing in anticipated contexts predicted how much context 
specification improved PM performance. However, the benefits to PM performance from context specification differed 
by the type of procedure used. PM performance was improved when context changes could be predicted during blocked 
or proximity procedures, but not when context varied randomly in trial-level procedures. These results provide insights 
into the mechanisms underlying strategic monitoring and guidance for researchers on which procedures to be use 
depending on the theory-driven questions.

Keywords
Prospective memory; strategic monitoring; attention; memory; context; meta-analysis

Received: 27 June 2022; revised: 2 November 2022; accepted: 15 December 2022

1Department of Psychology, The University of Texas at Arlington, 
Arlington, TX, USA

Corresponding author:
Phil Peper, Department of Psychology, The University of Texas at 
Arlington, Arlington, TX 76019, USA. 
Email: philip.peper@mavs.uta.edu

10.1177_17470218231161015QJP0010.1177/17470218231161015Quarterly Journal of Experimental PsychologyPeper and Ball
research-article2023

Original Article

https://uk.sagepub.com/en-gb/journals-permissions
http://qjep.sagepub.com
mailto:philip.peper@mavs.uta.edu
http://crossmark.crossref.org/dialog/?doi=10.1177%2F17470218231161015&domain=pdf&date_stamp=2023-04-03


2	 Quarterly Journal of Experimental Psychology 00(0)

Thomson, 1999; Schnitzspahn et  al., 2011; Unsworth 
et al., 2012). Studying the role of context in laboratory set-
tings can provide a better understanding of the processes 
underlying intention fulfilment. This study employs a 
meta-analytic technique to quantify how contextual infor-
mation is used to strategically allocate attention resources 
to facilitate event-based PM. Specifically, we compare 
effects sizes across different laboratory paradigms and 
examine whether the efficacy of strategic monitoring mod-
erates contextual benefits to intention fulfilment. By more 
closely aligning laboratory research with everyday remem-
bering, we can better understand the theoretical mecha-
nisms of PM and make practical recommendations for 
future researchers depending on their goals.

Most laboratory studies have investigated event-based 
PM, which refers to the processes by which future inten-
tions are fulfilled in response to environmental events (i.e., 
PM targets), such as noticing the pharmacy and remember-
ing to pick up medication after work. PM intentions can 
also be time-based or activity-based, which involve fulfill-
ing an intention at a certain time (e.g., at 3 p.m.) or after a 
specific activity (e.g., after crafting an email) in the future. 
However, as relatively few studies have examined the role 
of context in these tasks, the primary focus of the current 
study is on event-based PM.1 Event-based PM intentions 
are first encoded (i.e., intention formation), stored in long-
term memory, and retrieved from memory upon noticing 
the appropriate target event. PM retrieval often occurs 
while engaged in an ongoing task (e.g., driving), either 
spontaneously (i.e., automatically; McDaniel & Einstein, 
2000) or through actively monitoring the environment for 
a target that requires additional processing to notice (R. E. 
Smith, 2003). Because monitoring the environment for 
PM targets can tax cognitive resources, it would be opti-
mal to monitor only in contexts when the PM target (e.g., 
pharmacy) is anticipated. For example, monitoring can be 
increased near business complexes where the pharmacy is 
likely to occur (relevant context) and reduced in residential 
areas where the pharmacy is unlikely to occur (irrelevant 
context). In this example, location is considered the spatial 
context that defines the likelihood that a PM target will 
appear. We use the term strategic monitoring to describe 
the process of using contextual information (e.g., location) 
to flexibly increase monitoring when contextually appro-
priate (e.g., business plaza) and decrease monitoring when 
contextually inappropriate (e.g., Ball & Bugg, 2018a).

These real-world phenomena are typically assessed in 
laboratory settings by having participants form an inten-
tion to make a special PM response (e.g., press the 7 key) 
when they see a PM target (e.g., the tor syllable) embed-
ded in an ongoing task (e.g., making lexical decisions). 
The primary dependent variable is PM performance, which 
refers to the proportion of PM targets that receive a PM 
response (i.e., intention fulfilment). A secondary measure 
typically assessed during PM tasks is ongoing task 

performance, which refers to the speed and accuracy of 
ongoing task responding. A common finding is that when 
the ongoing task does not orient attention to relevant fea-
tures of the PM target (referred to as a nonfocal intention), 
monitoring the environment for PM targets produces 
slower and/or less accurate responding than when the same 
task is performed without an intention (Einstein et  al., 
2005). The difference in ongoing task performance 
between the two conditions is referred to as cost. Ongoing 
task costs are assumed to reflect allocating limited cogni-
tive resources to monitoring for PM targets, leaving fewer 
for ongoing task processing that results in slower or less 
accurate responses (R. E. Smith, 2003; but see Strickland 
et al., 2018 for an alternative account). Previous research 
has shown monitoring costs are positively correlated with 
PM target detection (e.g., Ball & Brewer, 2018).

Strategic monitoring is typically assessed using a non-
focal PM task that encourages monitoring by instructing 
participants that PM targets will only occur in one contex-
tual dimension of the ongoing task (e.g., block type, word 
type, location, colour, etc.). For example, participants in a 
specific condition may be (validly) instructed that PM tar-
gets will occur in Block 1 of the ongoing lexical decision 
task (relevant context) but not Block 2 (irrelevant context; 
Ball et al., 2015), or in word trials (relevant context) but 
not nonword trials (irrelevant context; Lourenco et  al., 
2013). In contrast, those in a nonspecific condition are 
(invalidly) instructed that PM targets can occur in both 
Block 1 (irrelevant context) and Block 2 (relevant con-
text), or in both words (relevant context) and nonwords 
(irrelevant context). To be clear, participants in the nonspe-
cific condition assume targets can occur in any context, so 
using the term “irrelevant context” is as a bit of a misno-
mer since all contexts are psychologically relevant to these 
participants. We use the terms “relevant” and “irrelevant” 
in reference to the instructions given to the specific condi-
tion to make easy verbal and analytical comparisons 
between the two conditions. Using the nonspecific condi-
tion as a comparative benchmark and analysing ongoing 
task performance separately for each context, results 
almost invariably show that costs are reduced in irrelevant 
contexts for the specific condition (e.g., Ball & Bugg, 
2018a, 2018b; Ball et  al., 2015; Cohen et  al., 2012; 
Kuhlmann & Rummel, 2014; Lourenco et  al., 2013; 
Lourenco & Maylor, 2014; Marsh et al., 2006; see S. M. 
Smith & Handy, 2016 for a review). However, results are 
mixed as to whether participants in the specific condition 
show increased costs in the relevant context or improved 
PM performance compared with the nonspecific condition 
(e.g., Ball et  al., 2015; Bowden et  al., 2017, 2021). The 
current meta-analysis aims to clarify whether increased 
monitoring in relevant contexts is necessary to observe PM 
performance benefits.

The two-process model of PM (Guynn, 2003) describes 
two processes involved in strategic monitoring: a 
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prospective retrieval mode and target checking. Borrowed 
from the retrospective memory literature, the retrieval 
mode remains active throughout the entire PM task and 
involves maintaining a state of readiness to treat incoming 
stimuli as possible cues for PM intention retrieval. Target 
checking is an intermittent process that assesses an item 
for intention-related features (i.e., checking the environ-
ment for targets). Ball and Bugg (2018b) further specify 
that strategic monitoring requires an additional step, 
referred to as context identification, which is a process that 
determines whether the context is relevant or irrelevant for 
target checking. It is possible that this additional cognitive 
operation creates greater attentional demands. A task 
requiring participants to identify the context more fre-
quently or unpredictably may decrease performance. 
Contextual manipulations used across different paradigm 
types place different demands on strategic monitoring pro-
cesses, which may explain why sometimes PM improve-
ments are seen and sometimes they are not.

Primary strategic monitoring 
procedures

Strategic monitoring has largely been investigated using 
three different paradigms (for reviews, see Bowden et al., 
2021; R. E. Smith, 2017; R. E. Smith & Skinner, 2019). 
We refer to these procedures as blocked, proximity, and 
trial-level procedures. Below, we briefly describe the 
methodology for each procedure (see Figure 1) and the 
general results found in each.

Blocked procedure

In a blocked procedure, participants complete the task in 
blocks with PM targets only appearing in select blocks 
(i.e., relevant context; see Figure 1). This is the procedure 
used by Ball et al. (2015) described previously (for a simi-
lar procedure, see Meier et  al., 2006). A variant of the 
blocked procedure includes when the block switches every 
few trials. For example, Bowden et al. (2021) blocked font 
colour in sets of four trials, with the relevant context 
always being in a specific colour. Results showed the spe-
cific conditions had higher PM performance and increased 
cost in relevant contexts than the nonspecific conditions. 
Experiments using a blocked procedure have shown both 
that context specification benefits PM performance (e.g., 
Ball et al., 2015) and null effects (e.g., Lourenco & Maylor, 
2014). Critically, context identification in the blocked pro-
cedure happens relatively infrequently and occurs on only 
the first trial of (or just before) each block. The context 
switches also occur regularly, so participants can antici-
pate when the context will change. Together, these factors 
suggest a relatively low cognitive demand of context iden-
tification and allow participants to strategically monitor 
more effectively.

Proximity procedure

The proximity procedure allows participants to track their 
progress towards the relevant context (see Figure 1). For 
example, Bowden et al. (2017) explicitly numbered each 
ongoing task trial and instructed participants in the specific 
condition that PM targets would only appear in a certain 
window of trials (e.g., 25–30, 45–50, 70–75, and 95–100). 
They found that context specification improved PM per-
formance, increased monitoring costs in the relevant con-
text, and decreased costs in the irrelevant context. The 
proximity procedure has also been implemented using a 
familiar environment (R. E. Smith et al., 2017) and colours 
(Bowden et al., 2021; Experiment 1) to provide informa-
tion about the approaching relevant context. PM perfor-
mance was improved significantly in Bowden et al. (2021), 
but only marginally in R. E. Smith et al. (2017). Critically, 
context identification in the proximity procedure happens 
relatively infrequently and the context information allows 
participants to anticipate when the context will change. 
Together, these factors suggest a relatively low cognitive 
demand of context identification and allow participants to 
strategically monitor more effectively.

Trial-level procedure

The trial-level procedure assigns a relevant context to a set 
of ongoing task stimuli that varies randomly on every trial 
(Figure 1). For example, Lourenco et al. (2013) instructed 
participants to look for a specific syllable (e.g., tor) in an 
ongoing lexical decision task. Participants in the specific 
condition were instructed that PM targets would appear on 
word trials (i.e., relevant context) but not nonword trials 
(i.e., irrelevant context), whereas those in the nonspecific 
condition thought targets could occur in any trial. 
Participants in the specific condition showed decreased 
monitoring costs in irrelevant contexts compared with par-
ticipants in the nonspecific condition, but there was no dif-
ference in PM performance or costs in the relevant context. 
Other studies using the trial-level procedure have manipu-
lated context with colour (Lourenco & Maylor, 2014), 
location (Bugg & Ball, 2017), and shapes (Kuhlmann & 
Rummel, 2014). Some studies have found PM perfor-
mance benefits (e.g., Loft et al., 2011b), while many others 
have not (e.g., Ball & Bugg, 2018b). Critically, context 
identification is required on every trial in the trial-level 
procedure as context switches occur randomly. Participants 
therefore cannot anticipate when the context will change. 
Together, these factors suggest a comparatively high cog-
nitive demand of context identification.

Current study

This study aimed to distinguish and quantify factors at the 
meta-analytic level that account for the finding that 
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sometimes context specification improves PM performance 
and other times it does not. Experiments were coded for 
strategic monitoring procedure and labelled either blocked, 
proximity, or trial-level. The effect of context specification 
on PM performance was the primary dependent variable of 
interest. We were also interested in the possible moderating 
role of strategic monitoring cost metrics. Overall, we pre-
dicted that context specification would benefit PM perfor-
mance—that is, participants in specific conditions would 
show better PM performance than those in nonspecific con-
ditions. We also predicted overall that context specification 
would increase monitoring cost (i.e., slower RTs and worse 

ongoing task accuracy) in relevant contexts and decrease 
monitoring cost (i.e., faster RTs and better ongoing task 
accuracy) in irrelevant contexts due to strategic monitoring. 
However, we predicted that the extent context specification 
benefitted PM performance would differ by procedure type 
and by the amount of strategic monitoring exhibited in the 
relevant context. Specifically, we predicted context specifi-
cation would improve PM performance in the blocked and 
proximity procedures, but not in the trial-level procedure. 
We also predicted that greater strategic monitoring in the 
relevant context (i.e., slower RTs and/or worse ongoing task 
accuracy in the specific condition) would enlarge the effect 

Figure 1.  Visual depiction of different strategic monitoring procedures.
Note. This figure displays three procedures commonly used to assess strategic PM monitoring. In the “specific” conditions, participants are instruct-
ed that PM targets (e.g., TOR syllable) will occur in a specific context (e.g., second block). This means that participants should increase monitoring in 
the relevant contexts (depicted in blue) and decrease monitoring in irrelevant contexts (depicted in yellow).
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of context specification on PM performance. However, we 
predicted no relationship between PM performance and 
strategic monitoring in the irrelevant context (i.e., faster RTs 
and/or better ongoing task accuracy in the specific 
condition).

The primary motivating hypothesis was that the three 
strategic monitoring procedures place differing demands 
on the processes underlying strategic monitoring. 
Specifically, context identification varies substantially 
between procedures. The difference can most clearly be 
seen in the blocked versus trial-level procedures. In the 
blocked procedure, context identification occurs at the 
beginning of each block (or the first trial), whereas the 
trial-level procedure requires context identification on 
every trial. Lourenco and Maylor (2014) compared perfor-
mance on trial-level versus blocked (sets of eight trials) 
procedures. When context was blocked, strategic monitor-
ing costs were larger than when context varied trial-by-
trial, suggesting that engaging and disengaging monitoring 
is more effective when context identification is easier. 
Kuhlmann and Rummel (2014) have noted that context 
identification is essentially another PM intention, such that 
one must remember to check the context on every trial 
before deciding to target check or not (i.e., engaging or 
disengaging monitoring). The greater demands on every 
relevant context trial in trial-level procedures may lead to 
the typical null effect of context specification on PM per-
formance. This idea is supported by the findings of Bowden 
et al. (2021) who provided pretrial warnings of the upcom-
ing relevant context in a blocked procedure (i.e., sets of 
four relevant context trials). They found that a pretrial 
warning was essential for context specification to benefit 
PM performance on targets in the first trial of the relevant 
context. However, targets appearing in the other relevant 
context trials showed a PM performance benefit regardless 
of the pretrial warning, because the relevant context was 
already identified on the first trial. This suggests that con-
text identification must precede a relevant context trial for 
context specification to benefit PM performance on that 
trial. Consistent with the robust monitoring costs and ben-
efit to PM performance observed in Bowden et al. (2017), 
the proximity procedure lessens demands on context iden-
tification, as participants can track their exact progress in 
relation to relevant context and predict a relevant context 
trial prior to trial onset. Given the varied demands on con-
text identification, we predicted context specification 
would benefit PM performance more in the blocked and 
proximity procedures compared with the trial-level 
procedure.

Methods

This study followed the guidelines for Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA). It was preregistered on Open Science 

Framework and data are publicly available at https://osf.io/
hps7g.

Study selection

The databases that were searched include PubMed, Google 
Scholar, PsycINFO, and PsyArxiv (preprints). The search 
terms selected are prospective memory, delayed intentions, 
context, strategic monitoring, preparatory attention, costs, 
and task interference. Search terms were selected based on 
the keywords found in six related papers ranging from 
2006 to 2021 to cover a range of historical terms describ-
ing the topic. The references of book chapters and an arti-
cle with an introduction that qualitatively reviewed 
existing strategic monitoring papers were scanned 
(Bowden et al., 2021; R. E. Smith, 2017; R. E. Smith & 
Skinner, 2019). The stopping date for the literature search 
was July 23, 2021. Each article was selected and coded by 
the first author. Ambiguities were clarified by second 
author who has published multiple papers on the topic.

Inclusion criteria.  To be included in the analyses, the study 
met the following criteria (see Figure 2 for PRISMA flow 
diagram (Page et  al., 2021) depicting study search and 
selection):

1.	  Only studies with data from healthy younger adult 
samples with ages between 18 and 35 years. 
Although strategic monitoring has been observed 
in older adults (Ball & Bugg, 2018a), that popula-
tion may not be able to utilise contextual informa-
tion as effectively as younger adults (Ball et  al., 
2020).

2.	  The quantitative experimental or observational 
data came from either a peer-reviewed publication, 
preprint, or dissertation/thesis published between 
1990 and 20 June 2021.

3.	  One or more laboratory event-based PM tasks 
manipulating context in the study were required, 
such that at least one condition was aware of the 
PM context (i.e., specific) and one condition was 
unaware (i.e., nonspecific) of the PM context. The 
PM task must have included more than one PM 
trial, as there are reliability concerns in tasks with 
only a single PM trial (Maylor, 1993, 1996). In 
addition, only PM tasks with nonfocal intentions 
(not focal intentions) were included because moni-
toring is not required when the intention is focal 
(Einstein & McDaniel, 2005).

4.	  The article was written in English.

Exclusionary criteria
1.	 Qualitative or naturalistic data and systematic 

reviews were excluded from analysis. Data from 
book chapters were excluded to avoid redundancy 

https://osf.io/hps7g
https://osf.io/hps7g
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with data reported from articles (see Kliegel et al., 
2008 for a similar procedure).

2.	 Data from studies with samples using children 
(<18 years old), middle and older adults (36 years 
and older), clinical populations with psychopathol-
ogy that might influence results (e.g., schizophre-
nia), traumatic brain injury, and early-onset 
dementia were not included in the analysis.

Dependent variables

PM performance.  The proportion of PM targets detected in 
the relevant context.

Ongoing task response times.  Mean response times in the 
PM block on nontarget trials in the relevant and irrelevant 
contexts.

Ongoing task accuracy.  Mean accuracy in the PM block 
on nontarget trials in the relevant and irrelevant 
contexts.

Ongoing task costs.  Costs were calculated by subtracting 
ongoing task performance (accuracy and response times) in 
a control block or control group’s (no intention) from the 
performance in a PM block (with a PM intention). Note that 
cost analyses produced nearly identical results to standard 
RT and accuracy measures. However, fewer studies had 
control blocks to calculate cost scores, so we did not report 
these effects in the paper and instead only reported pure 
accuracy and response times that also reflect monitoring.

Subgroup and moderator analysis

After all the relevant papers were identified, the first author 
coded each experiment for the subgroups based on proce-
dure type. In addition, monitoring (response times and 
accuracy) differences between specific and nonspecific 
conditions in both relevant and irrelevant contexts will be 
included as moderators.

Subgroups.  Different subgroups were coded by the type of 
strategic monitoring procedure used in each experiment. 

Figure 2.  PRISMA flow diagram depicting steps of the database search and exclusion process.
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The three procedures described previously were blocked, 
proximity, and trial-level. Blocked procedures were identi-
fied by PM trials appearing in a subset of multiple task 
blocks. That is, relevant and irrelevant contexts were 
grouped in blocks of trials (e.g., Ball et al., 2015). Proxim-
ity was identified by task parameters (e.g., numbered trials 
and spatial location) that allowed participants to track pro-
gress and relative position in relation to an upcoming rel-
evant context (e.g., Bowden et  al., 2017). Trial-level 
procedures were identified by both relevant and irrelevant 
context trials that appeared within the same block and pre-
sented randomly (e.g., Lourenco et  al., 2013). Fu et  al. 
(2011) recommended a minimum of four studies in each 
group of a subgroup analysis.

Moderators.  The effect size for differences between the 
specific condition and the nonspecific condition for ongo-
ing task response times, accuracy, and cost served as the 
moderators. Moderator analyses with cost scores mirrored 
the patterns observed for moderator analyses for response 
times and accuracy, only with fewer studies. Only the lat-
ter moderator analyses were reported.

Analyses

The programme Meta-Essentials was used to conduct the 
analyses (Suurmond et al., 2017). Effect sizes for compari-
sons between mean proportion of PM performance and 
ongoing task performance in the relevant and irrelevant 
contexts were calculated with Hedge’s g. Means and stand-
ard deviations for all outcome variables, separated by spe-
cific and nonspecific conditions, were extracted from 
included articles or obtained by authors when unavailable. 
Some data were not relevant (e.g., ongoing task accuracy 
in Loft et al., 2011a) for analysis. Each exclusion and the 
reason are described below.

Ongoing task response data in the relevant context was 
applicable in 25 (response times) and 24 (accuracy) out of 
the 25 total studies. Loft et al. (2011) used an air-traffic 
control version of an event-based PM in which the equiv-
alent of the ongoing task had a single response. That is, 
there was no correct response to record accuracy. 
However, Loft et al. argue that longer response times still 
reflect target checking behaviour, so their response times 
were included in our analyses. Ongoing task response 
data in the irrelevant context was applicable in 24 
(response times) and 23 (accuracy) out of the 25 total 
studies. In Brewer and Marsh (2010), participants in the 
nonspecific condition formed an intention to make a PM 
response to any animal at the beginning of the experi-
ment. The specific condition was informed that the animal 
words would appear only in a lexical decision task (i.e., 
relevant context). That is, the entire lexical decision task 
was the relevant context and irrelevant context consisted 
of the procedure outside of the lexical decision task. 

Therefore, there was no useable ongoing task data in the 
irrelevant context for this experiment. Finally, an impor-
tant note should be made about how relevant and irrele-
vant contexts were defined in R. E. Smith et al. (2017). In 
those two experiments, participants were undergraduate 
students who completed an ongoing task that involved 
viewing pictures of people in various locations around the 
university the participants all attended. Participants were 
to make judgements about whether there were six or more 
people in the picture. The PM intention was to make a PM 
response at specified locations around the university. The 
specific condition received the ongoing task pictures 
organised in a spatial order (i.e., mimicking a walk around 
campus) that allowed them to predict an upcoming PM 
target, whereas the pictures were presented randomly in 
the nonspecific condition. In all other strategic monitor-
ing experiments, the relevant context boundaries were 
clearly demarcated (e.g., second block of lexical deci-
sions, trials 25–30, word trials, etc.). R. E. Smith et  al. 
(2017) instead had “soft” boundaries separating contexts. 
In their analyses, Smith et al. binned ongoing task perfor-
mance into three subintervals varying in distance to the 
PM target. That is, the first subinterval represented trial 
locations farthest from the PM target and the third subin-
terval represented locations nearest the PM target. For the 
analyses in the current meta-analysis, we coded the irrel-
evant context in R. E. Smith et  al. (2017) as the mean 
ongoing task performance of subintervals one and two 
and used subinterval three ongoing task performance as 
the relevant context.

In each of analysis, we reported I2, Q, and T2 as indices 
of heterogeneity, though we used I2 for interpretation (see 
Leong et al., 2019). Higgins et al. (2003) interprets an I2 of 
25% as low, 50% as moderate, and 75% as high. Moderate 
heterogeneity (> 50%) can warrant further analyses (sub-
group and moderator) to explain the range of effects 
(Harrer et al., 2019). Prediction intervals outline the range 
of observed effect sizes in the meta-analysis. Prediction 
intervals spanning zero mean that future studies may 
observe null effects even when a true difference exists 
(Hak et al., 2016). All analyses used random effects mod-
els to account for the heterogeneity across studies using 
inverse variance weighting (i.e., large confidence intervals 
were given less weight). Subgroup analyses were per-
formed by averaging the weight separately for each 
subgroup.

Four experiments used within-subjects design for the 
specific and nonspecific conditions. Because of differ-
ences in how effect sizes are calculated for between- and 
within-subjects differences, effect sizes for all experiments 
could not be directly calculated based on means and stand-
ard deviations in the same between-subjects meta-analy-
sis. We therefore calculated effect sizes for the 
within-subjects design experiments separately and imputed 
the Hedge’s g calculated for each into the overall 
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meta-analysis for each dependent variable (Morris & 
DeShon, 2002).

Results

Overall PM effects

Table 1 describes effect sizes and heterogeneity indices for 
the differences in PM performance between specific and 
nonspecific conditions, which is also displayed in Figure 
3. The forest plot in Figure 3 displays the distribution of 
weighted mean effect sizes (circles), 95% confidence 
intervals (CIs; black error bars), and 95% prediction inter-
val (PI; green error bar) for the difference in PM perfor-
mance between specific and nonspecific conditions. CIs 
reflect the range of the true effect. This analysis (k = 25) 
revealed a combined effect (red circle) that was small-to-
medium in size (g = .31, z = 4.55, p < .001, 95% CI [0.17, 
0.45], 95% PI [−0.24, 0.85]). Critically, the confidence 
interval does not overlap with zero, suggesting that having 
context information about when a PM target will appear 
improved the likelihood of detecting that target. However, 
the prediction interval spanned zero, suggesting that future 
studies of strategic monitoring may find null effects. 
Notably, however, there was moderate heterogeneity 
(Q = 55.16, p < .001, I2 = 56.49, T2 = .07), suggesting that 
subgroup and moderator analyses are needed to explain 
systematic variations in effect sizes.

PM performance subgroup analysis

Subgroup analyses for procedure type were run to further 
explain the heterogeneity in the degree to which context 
specification influenced PM performance. The forest plot 
for the subgroup analysis is displayed in Figure 3. The 
white circles with coloured outlines reflect the combined 
weighted effect size for each subgroup (e.g., the orange 
circle reflects the blocked subgroup). The between group 
analysis of variance (ANOVA) indicated significant differ-
ences in PM performance between procedures (p = .003).

Blocked.  In the blocked procedure, heterogeneity was 
moderate (Q = 21.72, p = .010, I2 = 58.56, T2 = .08). There 
was a medium-sized combined effect (g = 0.46, 95% CI 
[0.24, 0.69], [−0.22, 1.14]). Critically, the confidence 
intervals did not include zero, but the prediction intervals 
did span zero.

Proximity.  In the proximity procedure, heterogeneity was 
low (Q = 5.06, p = .168, I2 = 40.66, T2 = .03). There was a 
medium-sized combined effect (g = 0.49, 95% CI [0.21, 
0.77], 95% PI [−0.24, 1.22]). Critically, the confidence 
interval did not include zero, but the prediction interval did 
span zero.

Trial-level.  In the trial-level procedure, heterogeneity was 
low (Q = 10.28, p < .001, I2 = 2.72, T2 = .00). There was a 
small-sized combined effect (g = 0.10, 95% CI [−0.04, 
0.23], 95% PI [−0.08, 0.23]). Critically, the confidence and 
prediction intervals included zero.

Summary.  Consistent with predictions, the confidence 
interval results indicated that context specification 
improved PM performance in the blocked and proximity 
procedures, but not the trial-level procedure.

Moderator analysis

Moderator analyses were run to further explain the hetero-
geneity in the degree to which context specification influ-
enced PM performance.

Relevant context.  For response times (k = 25), positive 
moderator values (Figure 4a) represent larger (slower) 
response times in the specific condition (i.e., increased 
monitoring in relevant contexts with specification). Figure 
4a shows that the heterogeneity observed in the effect of 
specification on PM performance can be explained well by 
the effect of specification on relevant context response 
times. The meta-regression moderator analysis revealed 
the specification benefit to PM performance was positively 
related to the degree to which specification slowed 
response times in relevant contexts (β = .60, p < .001). For 
accuracy (k = 24), negative moderator values (Figure 4b) 
represent less accurate responding in the specification con-
dition (i.e., increased monitoring in relevant contexts with 
specification). The meta-regression moderator analysis 
revealed the effect of specification on PM performance 
was unrelated to the effect of specification on nontarget 
response accuracy in the relevant context (β = −.16, 
p = .467). Thus, PM performance was improved when con-
text specification slowed response times in the relevant 
context, but this pattern was not observed for accuracy.

Irrelevant context.  For response times (Figure 4c), negative 
moderator values represent smaller (faster) response times 
in the specific condition (i.e., reduced monitoring in irrele-
vant contexts with specification). The meta-regression 
moderator analysis (k = 24) revealed the effect of specifica-
tion on PM performance was not significantly related to the 
effect of specification on response times in irrelevant con-
texts (β = −.08, p = .721). For accuracy (Figure 4d), positive 
moderator values represent more accurate responding in 
the specific condition (i.e., more accurate in irrelevant con-
texts with context information). The meta-regression mod-
erator analysis (k = 23) revealed the effect of specification 
on PM performance was unrelated to the effect of specifi-
cation on response accuracy on trials in the irrelevant con-
text (β = −.10, p = .659). Thus, PM performance was not 
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improved when specification was used to reduce monitor-
ing in the irrelevant context.

Publication bias.  The funnel plot in Figure 5 shows the dis-
tribution of effect sizes across all experiments for the dif-
ference in PM performance between specific and 
nonspecific conditions. Funnel plots are typically used as 
an assessment of publication bias, as studies with minimal 
heterogeneity and no reporting bias should vary randomly 
around the combined effect size (horizontal axis). Studies 
with more power have smaller standard errors (vertical 
axis), and the triangle reflects 1.96 standard error on each 
side to visualise whether effect sizes are randomly distrib-
uted and if certain studies fall outside of this interval. The 
funnel plot shows a reasonably random distribution of 
effect sizes with only three studies falling outside of this 
interval. However, due to apparent asymmetry in the effect 
size distribution, Meta-essentials uses a Trim-and-Fill 
method to impute “missing studies” with effect sizes that 
round out the distribution (green circles). An adjusted 
combined effect size is then calculated that accounts for 
imputed data. While the visual asymmetry in effect sizes 
indicate there may be publication bias, the nonsignificant 
Egger regression (p = .548) and a nonsignificant Begg and 

Mazumdar’s rank correlation (p = .709) tests for asymme-
try suggest the risk of publication bias is minimal. We do 
not interpret the adjusted combined effect size due to the 
minimal risk of publication bias, though the adjusted effect 
size is still significant.

Primary analysis summary

At the meta-analytic level, context specification benefitted 
PM performance, though the effect was small-to-medium 
in size. This effect differed by subgroup, with medium-
sized effects observed in the blocked and proximity proce-
dures and a nonsignificant effect observed in the trial-level 
procedure. Separating studies into procedural subgroups 
partially explained the moderate heterogeneity in effect 
sizes, because heterogeneity was low among studies with a 
trial-level and proximity procedures but remained moder-
ate in the blocked procedure. The moderator analyses 
showed when specification increases monitoring (slower 
responding) in relevant contexts, specification tends to 
benefit PM performance, but using specification to reduce 
monitoring in irrelevant contexts does not. Response accu-
racy in relevant and irrelevant trials was not related to PM 
performance.

Figure 3.  Forest plot and subgroup analysis for the effect of context specification on PM performance.
Note. This figure shows the individual (coloured circles with black outlines), subgroup combined (white circles with coloured outlines), and overall 
combined (red circle) effect sizes for the effect of context specification on PM performance with the relative weight of each data point on the left 
side. Black error bars reflect 95% confidence intervals and grey (subgroup) and red (overall combined) error bars reflect 95% prediction intervals.
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Overall response time and accuracy effects

The following analyses examine how context specifica-
tion influences ongoing task performance (i.e., speed and 
accuracy) on nontarget trials. These analyses can be seen 
as complementary to the above moderator analyses show-
ing that changes in ongoing task performance during rel-
evant and irrelevant contexts can influence PM. Subgroups 
were assessed for each analysis to determine whether 
monitoring differed across procedures. We made no pre-
dictions between procedure subgroups for ongoing task 
performance.

Relevant context response times.  Table 2 describes effect 
sizes and heterogeneity indices for the response time dif-
ferences in relevant contexts between specific and nonspe-
cific conditions, which are also displayed in Figure 4. The 
meta-analysis (k = 25) revealed a small-sized combined 
effect (g = .11; z = 1.90, p = .057, 95% CI [−0.01, 0.22], 
95% PI [−0.26, 0.48]). Critically, the confidence and pre-
diction intervals include zero. This suggests that having 
information about when a PM target will appear has no 
overall effect on ongoing task response times when the 

target is relevant. There was low heterogeneity among 
effect sizes (Q = 38.11, p = .034; I2 = 37.03; T2 = .03).

The between group ANOVA indicated no significant 
specification differences in response times in relevant con-
texts between procedures (p = .054). As can be seen in 
Figure 6, for the subgroup analyses, the confidence inter-
val did not overlap with zero for blocked procedure, but it 
did for the proximity and trial-level procedures. This sug-
gests that anticipating targets in relevant contexts slows 
response times only for the blocked procedures. However, 
this should be interpreted with caution considering the 
nonsignificant between-procedure p-value.

Relevant context accuracy.  Table 3 describes effect sizes 
and heterogeneity indices for the accuracy differences in 
relevant contexts between specific and nonspecific condi-
tions, which are also displayed in Figure 7. The meta-anal-
ysis (k = 24) revealed a small-sized combined effect 
(g = 0.04, z-value = 0.78, p = .436, 95% CI [−0.07, 0.15], 
95% PI [−0.27, 0.35]). Critically, the confidence and pre-
diction intervals include zero. This suggests that having 
information about when a PM target will appear has no 
effect on ongoing task accuracy when the target is 

Figure 4.  Moderator analysis for the effect of context specification on ongoing task performance as a function of the effect of 
context specification on PM performance. Relevant context: (a) reflects response times and (b) accuracy in the relevant context. 
Irrelevant context: (c) reflects response times and (d) reflects accuracy in the irrelevant context.
Note. Ongoing task (response time and accuracy) moderator analyses on the effect of context on PM performance. Orange circles represent experi-
ments with a blocked procedure, blue circles represent experiments with a proximity procedure, and green circles represent experiments with a 
trial-level procedure.
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relevant. There was low heterogeneity among effect sizes 
(Q = 32.06, p = .099; I2 = 28.26; T2 = .02).

The between group ANOVA indicated no significant 
specification differences in accuracy in relevant contexts 
between procedures (p = .593). As can be seen in Figure 7, 
for the subgroup analyses the confidence interval over-
lapped with zero for all procedures, indicating that context 
specification does not influence ongoing task accuracy in 
any of the procedures.

Irrelevant context response times.  Table 4 describes effect 
sizes and heterogeneity indices for the response time dif-
ferences in irrelevant contexts between specific and non-
specific conditions, which are also displayed in Figure 8. 
The meta-analysis (k = 24) revealed a medium-sized com-
bined effect (g = −0.45, z-value = −8.05, p < .001, 95% CI 
[−0.56, −0.33], 95% PI [−0.76, −0.13]). Critically, the con-
fidence and prediction intervals do not include zero. This 
suggests that having information about when a PM target 
will appear speeds ongoing task response times when the 
target is irrelevant. There was low heterogeneity among 
effect sizes (Q = 32.17, p = .097; I2 = 28.52; T2 = .02).

The between group ANOVA indicated no significant 
specification differences in accuracy in irrelevant contexts 
between procedures (p = .601). As can be seen in Figure 8, 

for the subgroup analyses the confidence intervals do not 
overlap with zero for any of the procedures, indicating that 
context information can be used to reduce monitoring in 
irrelevant contexts regardless of procedure type.

Irrelevant context accuracy.  Table 5 describes effect sizes 
and heterogeneity indices for the accuracy differences in 
irrelevant contexts between specific and nonspecific con-
ditions, which are also displayed in Figure 9. The meta-
analysis (k = 23) revealed a small-sized combined effect 
(g = 0.09, z = 2.58, p = .010, 95% CI [0.02, 0.16], 95% PI 
[0.02, 0.16]). Critically, the confidence and prediction 
intervals do not include zero. This suggests that having 
information about when a PM target will appear improves 
ongoing task accuracy when the target is irrelevant. There 
was low heterogeneity among effect sizes (Q = 12.03, 
p = .957; I2 = 0.00; T2 = .00).

The between group ANOVA indicated no significant 
specification differences in accuracy in irrelevant contexts 
between procedures (p = .761). As can be seen in Figure 9, 
for the subgroup analyses, the confidence interval over-
lapped with or included zero for all procedures, indicating 
that context specification does not significantly influence 
ongoing task accuracy in any of the individual procedures 
alone. Note that this differs from the overall combined 
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Figure 5.  Funnel plot of studies in the prospective memory performance analysis.
Note. The funnel plot represents effect sizes (x-axis) and standard error (y-axis) for individual studies (blue dots), imputed data points (green 
circles), combined effect size (grey dot), and adjusted effect size (orange dot). Confidence intervals are represented by the black bars and prediction 
intervals by the wider grey and orange bars for the combined and adjusted effect sizes, respectively. The adjusted effect size is lower because it is 
calculated with the imputed data left of the funnel.
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effect (with greater power) that shows a small benefit to 
accuracy from context.

Secondary analysis summary

At the meta-analytic level, context specification affected 
both response times and accuracy. Specification had no 
overall effect on response times in relevant contexts and 
sped response times in irrelevant contexts (medium effect). 
For accuracy, specification had no effect on accuracy in 
relevant contexts but improved accuracy in irrelevant con-
texts (small effect). The effect of specification on response 
times in the relevant context differed by subgroup, with 
small to medium-sized effect observed in the blocked pro-
cedure and a nonsignificant effect observed in the proxim-
ity and trial-level procedure. Heterogeneity in effect sizes 
was low for response times and accuracy in both relevant 
and irrelevant contexts.

Discussion

The present meta-analysis aimed to quantify overall effects 
of context specification on traditional metrics of strategic 

monitoring. Overall, we found support for our three pri-
mary hypotheses: (a) context specification improves PM 
performance, (b) the magnitude of these effects depends 
on the procedure, and (c) the specification benefit to PM is 
largely related to increases in monitoring in relevant con-
texts rather than decreases in monitoring in irrelevant con-
texts. Of secondary interest, we also found that context 
specification speeds ongoing task response times and 
increases accuracy overall when the PM target is irrele-
vant. These findings suggest that specification of when 
targets will occur when forming intentions not only 
improves PM performance, but also frees attentional 
resources by reducing monitoring demands in irrelevant 
contexts. However, this interpretation is qualified by the 
type of procedure used, such that having a context that var-
ies randomly will not improve the likelihood of realising 
an intention. These results have important theoretical 
implications and lead to practical recommendations for 
researchers discussed below.

Strategic monitoring allows an individual to flexibly 
allocate attention towards different goals depending on the 
context in which they find themselves (e.g., Marsh et al., 
2006). When the PM target is relevant, target checking can 

Figure 6.  Forest plot for the effect of context specification on response times in the relevant context.
Note. This figure shows the individual (coloured circles with black outlines), subgroup combined (white circles with coloured outlines), and overall 
combined (red circle) effect sizes for the effect of context specification on ongoing task response times in the relevant context with the relative 
weight of each data point on the left side. Black error bars reflect 95% confidence intervals and grey (subgroup) and red (overall combined) error 
bars reflect 95% prediction intervals.
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occur, but doing so can come at a cost to ongoing task 
performance. When the context is not relevant, one can 
disengage monitoring and direct attention towards the 
ongoing task to reduce cost. Moderator analyses suggest 
that people who use context information to slow ongoing 
task responses in the relevant context detect more PM tar-
gets. Critically, however, people who only used context 
information to conserve attentional resources by monitor-
ing less when the context was irrelevant did not detect 
more PM targets. Importantly, these results show that con-
served attentional resources are not necessarily reallocated 
effectively, but effective reallocation (i.e., more monitor-
ing in the relevant context) predicts whether specification 
improves PM performance.

Strategic monitoring is accomplished by forming an 
intention to complete a future action in a specified context, 
identifying the context, and then using the outcome of the 
context decision to either engage or disengage target 
checking. Context identification is a critical process in 
strategic monitoring (Ball & Bugg, 2018b; Kuhlmann & 
Rummel, 2014) that dictates how attention is allocated 

dynamically depending on the context. However, identify-
ing the context can be demanding, as it adds another cogni-
tive operation that must be completed. The frequency of 
context identification determines the cognitive demand it 
places on the individual and is likely easier to accomplish 
in some procedures than others. In the blocked and prox-
imity procedures, participants only need to identify the 
context on or before the first trial of a context change and 
then use that information to engage or disengage target 
checking on subsequent trials. Conversely, the context is 
unpredictable in the trial-level procedure and participants 
must identify the context and apply the appropriate process 
(i.e., engage or disengage target checking) on every single 
trial.

The dual mechanisms of control framework (Braver 
et al., 2007) posits that cognitive control is exerted through 
proactive and reactive control mechanisms. Proactive con-
trol sustains goal activation (e.g., context identification 
and target checking) that biases attention towards goal-
relevant stimuli prior to presentation. In contrast, reactive 
control relies on bottom-up or stimulus-driven activation 

Figure 7.  Forest plot for the effect of context specification on accuracy in the relevant context.
Note. This figure shows the individual (coloured circles with black outlines), subgroup combined (white circles with coloured outlines), and overall 
combined (red circle) effect sizes for the effect of context specification on ongoing task accuracy in the relevant context with the relative weight of 
each data point on the left side. Black error bars reflect 95% confidence intervals and grey (subgroup) and red (overall combined) error bars reflect 
95% prediction intervals.
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of goal-relevant representations. Bugg et al. (2013) argue 
that proactive control is necessary for sustained monitor-
ing and facilitates realising an intention through consistent 
target checking, but this comes at a cost to ongoing task 
performance. While proactive target checking (i.e., moni-
toring) is most effective at realising PM intentions, it is 
cognitively demanding, difficult to sustain, and wanes in 
consistency (i.e., effectiveness) over long time periods 
(West et al., 2002). Advanced knowledge about when PM 
targets occur can facilitate proactive context identification 
(and subsequently the engaging and disengaging of target 
checking) and reduce the amount of time it needs to be 
sustained, ultimately benefitting PM performance. 
Specification in the blocked and proximity procedures 
allows one to conserve cognitive resources and exert more 
effective proactive context identification in the relevant 
context, while those without context information must uti-
lise cognitive resources to target check over the entire 
duration and are more likely to experience lapses in target 
checking that lead to target misses. Because the trial-level 
procedure is unpredictable, context identification and 

target checking can only occur reactively (Ball & Bugg, 
2018a). While costs are reduced (and resources conserved) 
in the irrelevant context of the trial-level procedure, hav-
ing to rely on reactive control to engage target checking 
may offset the benefits of conserving cognitive resources 
and lead to no differences in PM performance between 
those with and without specification.

An alternative interpretation that extends the context 
identification explanation involves the role of task switch-
ing (Rogers & Monsell, 1995). A typical task-switching 
paradigm involves performing two separate task decisions 
(e.g., lexical decisions and syllable counting) that use the 
same stimuli (e.g., words and nonwords) with a cue that 
specifies which task to perform (e.g., red font = lexical 
decisions; green font = syllable counting). In the switching 
literature, a task-set refers to the instructions (e.g., press 
the F or J key) and goals (e.g., identify a stimulus as a word 
or nonword) for a single task (e.g., lexical decisions). 
Task-set reconfiguration occurs when the same stimulus 
requires a different goal and/or instructions (e.g., count 
syllables), and cognitive control is needed to reconfigure a 

Figure 8.  Forest plot for the effect of context specification on response times in the irrelevant context.
Note. This figure shows the individual (coloured circles with black outlines), subgroup combined (white circles with coloured outlines), and overall 
combined (red circle) effect sizes for the effect of context specification on ongoing task response times in the irrelevant context with the relative 
weight of each data point on the left side. Black error bars reflect 95% confidence intervals and grey (subgroup) and red (overall combined) error 
bars reflect 95% prediction intervals.
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task-set. A cost to performance (i.e., response times and/or 
accuracy) is observed on switch trials when the task-set 
must be reconfigured compared with when the same task-
set is performed successively on repetition trials (Jersild, 
1927). Important for this study is the differentiation 
between endogenous and exogenous control. Endogenous 
control is exerted in advance of stimulus onset, whereas 
exogenous control is exerted in response to the stimulus. 
Critically, when task-set reconfiguration can be anticipated 
(endogenous control), either explicitly with a pretrial con-
text cue or implicitly with a predictable pattern of switch-
trials, switching costs are reduced compared with when 
task-set reconfiguration cannot be anticipated (exogenous 
control; Rogers & Monsell, 1995).

The cue in a task-switching procedure is similar to the 
context information (e.g., colour, location, word type) in a 
strategic monitoring paradigm that signals whether a target 
check should be made. That is, context serves as a switch 
cue that tells a participant whether they should adopt the 
ongoing task task-set (i.e., focus on the ongoing task alone) 
or the PM task-set (i.e., target check and complete the 
ongoing task). Context switch trials require goal updating, 

and the previous goal may interfere with the present goal 
in a way that interferes with processing on that trial. It is 
therefore possible that switching from irrelevant to rele-
vant contexts on a target trial can interfere with target 
checking. Support for this interpretation comes from the 
study by Bowden et al. (2021) that examined PM perfor-
mance for targets that appeared on context switch trials 
(i.e., first trial of the relevant context) and compared 
groups that had a pretrial context cue to groups that did 
not. Critically, groups that had a pretrial context cue were 
able to identify the relevant context prior to the target stim-
ulus onset. Results from two out of their three experiments 
showed that only with a pretrial context cue can context 
specification improve PM performance when the target 
appears on a context switch trial. In the blocked and prox-
imity procedures, the switch cue of context can be antici-
pated, either implicitly or explicitly, and then a single 
task-set maintained across multiple (i.e., repetition) trials. 
In contrast, the trial-level procedure has a greater cognitive 
demand due to an unpredictable switch cue and switch tri-
als occurring randomly on each trial. Our results support 
this interpretation in that context specification benefits PM 

Figure 9.  Forest plot for the effect of context specification on accuracy in the irrelevant context.
Note. This figure shows the individual (coloured circles with black outlines), subgroup combined (white circles with coloured outlines), and overall 
combined (red circle) effect sizes for the effect of context specification on ongoing task accuracy in the irrelevant context with the relative weight 
of each data point on the left side. Black error bars reflect 95% confidence intervals and grey (subgroup) and red (overall combined) error bars 
reflect 95% prediction interval.
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performance in the blocked and proximity procedure, but 
not the trial-level procedure. Thus, for context to be bene-
ficial to PM target detection, context identification 
demands must be minimised by making context predicta-
ble and reducing the number of times it must be 
identified.

Finally, it is worth noting the similarities between stra-
tegic monitoring in the event-based PM studies described 
herein and clock checking behaviour in time-based PM 
studies. In a typical time-based PM study, participants are 
given a specific time to make a PM response (e.g., every 
3 min) and participants can press a button to display a 
clock with the current elapsed time. Clock checking behav-
iour often shows an “j”-shaped function, where partici-
pants initially check the clock to see the current time (e.g., 
10 s), decrease checking during intermediate intervals, and 
then increase checking as the target PM interval approaches 
(e.g., 2 min 50 s). The frequency of clock checking in the 
interval immediately before the target time (e.g., 2:50–
2:59) is an index of strategic “monitoring” and is associ-
ated with better PM performance (Jager & Kliegel, 2008; 
Joly-Burra et al., 2022; McFarland & Glisky, 2009; Mioni 
et  al., 2020; Mioni & Stablum, 2014). Strategic clock 
checking behaviour may be like strategic monitoring in the 
event-based proximity procedure, where participants use 
spatial information (e.g., trial counters) to slow ongoing 
task responding in the relevant contexts (e.g., trials 25-30) 
that improves PM performance. One primary difference 
between the two task types is that context features in the 
event-based proximity procedure are externally cued (i.e., 
by the trial counter), whereas in a time-based task tempo-
ral information is maintained internally (i.e., a mental 
clock counter). Interestingly, participants in the event-
based blocked procedure may also maintain an internal 
trial counter, whereby participants learn to predict the 
change in contexts every few (e.g., 8) trials. Indeed, prior 
research has shown that strategic monitoring in irrelevant 
contexts shows a “u”-shaped function (Ball et  al., 2020; 
Lourenco & Maylor, 2014), where participants show slow-
ing in the trials immediately after the context change (e.g., 
trials 1-3), faster responding in the intermediate trials (e.g., 
4-8), and then slower responding near the anticipated con-
text change (e.g., trials 9-10). In contrast to the blocked 
and proximity procedures, there are no spatiotemporal 
contextual cues to facilitate monitoring in the trial-level 
procedure. Future research directly comparing event-based 
and time-based PM may provide a clearer mechanistic 
account of how strategic monitoring facilitates PM perfor-
mance (Marsh et al., 2006).

Although the results of the current meta-analysis are 
fairly straightforward, there are still a few remaining 
issues. First, the subgroup analysis did not completely 
account for the moderate heterogeneity among effect sizes 
in PM performance. The heterogeneity was still moderate 
in the blocked and proximity procedures, suggesting a 

wide range of true effect sizes in the population not due to 
procedure alone. However, the moderator analysis using 
relevant context ongoing task response times clearly pre-
dicted the effect of context specification on PM perfor-
mance, suggesting this may be a way to better account for 
the entire heterogeneity in PM performance. It is also pos-
sible that other task features such as context type (e.g., col-
our, location, and word type) or ongoing task difficulty 
also account for heterogeneity in PM performance. Second, 
it should be noted that there was a relatively small sample 
(k = 4) of experiments using the proximity procedure. 
While this reaches the recommended minimum number of 
studies required for subgroup analyses (Fu et al., 2011), it 
does highlight that more research is needed using this pro-
cedural variant. A third important point to consider is 
whether context specification influences the perceived 
importance of the PM task, because previous research has 
shown stressing the importance of the PM task improves 
performance (Walter & Meier, 2014). Future strategic 
monitoring research would do well to assess perceived 
importance of the PM task in a postexperimental question-
naire to rule out this possibility. Finally, although we rea-
soned procedures differ in the demands placed on context 
identification, there is no direct measure of context identi-
fication, and no previous work has examined this explic-
itly. Future studies should directly compare context 
identification in blocked, proximity, and trial-level proce-
dures in the same experiment. Examining procedural dif-
ferences in a highly controlled way would enable the 
researcher to compare the demands of an unpredictable 
context and constantly varying task goals in the trial-level 
procedure with the more predictable context and consist-
ent task goals in the blocked and proximity procedures. We 
would expect longer response times on context switch tri-
als in the trial-level procedure compared with context 
switch trials in the blocked and proximity procedures, as 
well as PM performance results consistent with those 
observed in the present meta-analysis.

This study was partly motivated by previous research 
showing that laboratory-based PM tasks do not always 
correlate with real-world PM (Unsworth et al., 2012). One 
main difference between the two settings is that in natural-
istic studies, participants are able to use a host of cognitive 
processes that may benefit PM performance that are typi-
cally controlled for in laboratory settings, including the 
ability to use context information to allocate attention 
towards fulfilling an intention. For example, many every-
day PM intentions occur in a familiar environment. A per-
son familiar with the location of a pharmacy (specific) that 
serves as the target to retrieve the intention to pick up a 
medication likely benefits from the spatiotemporal context 
information. It is therefore possible that providing predict-
able context information in laboratory PM tasks (i.e., spe-
cific condition) may be a more ecologically valid and 
better predictor naturalistic PM.
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The current meta-analysis suggests context information 
can be used to flexibly allocate attention to realise future 
intentions while conserving cognitive resources when the 
context is irrelevant. These results can provide guidance 
for researchers studying strategic monitoring in the future, 
such that specific procedures can be recommended depend-
ing on the research question. For example, it would be pru-
dent to employ a proximity or blocked procedure for 
research questions focusing on PM performance or rele-
vant context slowing, while a trial-level procedure would 
suffice when looking at resource conservation in the irrel-
evant context. Outside of the laboratory, someone looking 
for a pharmacy may slow down or pay less attention to the 
road and cars around them. By knowing the relative loca-
tion of the pharmacy, one can minimise these costs until 
the grocery store is nearby while also increasing intention 
fulfilment. Considering the demands of daily life and man-
aging multiple intentions (e.g., attending meetings, send-
ing critical emails, remembering appointments, and 
picking up children from school after work), carefully 
encoding the retrieval context for each intention can 
reduce the impact of maintaining an intention on one’s cur-
rent activity (e.g., writing a grant or manuscript) while 
enhancing the likelihood of remembering to complete an 
intention.
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Notes

1.	 An additional rational for not including time-based PM stra-
tegic monitoring studies was because the contextual proper-
ties in time-based PM operate differently from context in 
event-based PM (i.e., temporal versus spatiotemporal), and 
strategic monitoring in time-based PM is measured by clock 

checking behaviour as the intention approaches. Thus, the 
metrics of strategic monitoring differ too much to compare 
time-based and event-based PM in the same analysis.
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