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A B S T R A C T

Extensive evidence suggests that cognitive performance is typically enhanced under increased motivation, often 
in the form of reward anticipation. While monetary incentive delay (MID)-style paradigms have been widely used 
to elicit and examine effects of reward anticipation on cognition, the extent to which such effects are comparable 
across cognitive domains and varying task designs is unclear. This meta-analysis synthesizes the literature, 
examining how reward anticipation modulates memory encoding accuracy (58 effect sizes from 43 publications, 
N = 2072), cognitive control accuracy (70 effect sizes from 53 publications, N = 2615), and cognitive control 
reaction time (RT; 74 effect sizes from 56 publications, N = 2554). Reward effect magnitudes differed across 
outcomes, with the largest effect for cognitive control RT (Cohen’s d = 0.807), followed by memory accuracy 
(Cohen’s d = 0.537), and cognitive control accuracy (Cohen’s d = 0.286). Moderators related to reward ma
nipulations and task design were tested. For memory accuracy, significant moderators included reward incentive 
type, presence of a false alarm penalty at recognition, encoding intentionality, memoranda type, and retrieval 
format. For cognitive control accuracy and RT, reward type and task type moderated the effect. Task timing was 
not a significant moderator for any domain. Overall, reward effects on cognitive performance appear highly 
sensitive to contextual parameters, with study-level variability in experimental designs accounting for notable 
heterogeneity, particularly for memory encoding. Considering such heterogeneity within and across cognitive 
domains is crucial for developing a comprehensive understanding of reward anticipation effects and advancing 
the field of motivated cognition.

1. Introduction

We live in a complex world. The sheer volume of sensory input 
offered by our surrounding environments, along with the number of 
possible behavioral responses to this input, present a capacity problem 
for the limitations of the cognitive system. Motivational significance 
may act as a critical signal triggering adaptive cognitive prioritization 
and behavioral selectivity. Motivational processes, operationalized as 
those guiding behavior towards desired goal outcomes and away from 
potential threats, are often learned through reinforcement processes, 
have been long recognized as critical for survival, and are extensively 
studied in terms of their underlying neurobiology. This work, largely 
conducted in rodents and other animal models, includes seminal work 
illustrating that processes of reward and reinforcement can be elicited 

through brain activity (Olds and Milner, 1954), specifically in associa
tion with dopaminergic system functioning (Salamone and Correa, 
2002; Wise and Rompre, 1989), and that such processes can be linked to 
a range of biological motives including homeostasis, approach and 
avoidance, and responses to incentives (as reviewed in (Berridge, 2004; 
Dickinson and Balleine, 1994). More recently, empirical evidence from 
studies largely conducted in humans indicates that motivational in
fluences can further modulate cognition and information processing, in 
addition to behavioral responses, across a broad range of domains, 
including perception, attention, cognitive control, and memory (Braver 
et al., 2014; Hughes and Zaki, 2015; Lang et al., 2013).

With growing empirical evidence indicating its importance to un
derstanding adaptive human behavior, motivated cognition has become 
a central topic in cognitive psychology and neuroscience in recent years.
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Despite this large and flourishing literature, a comprehensive un
derstanding of how, and under what conditions, motivation adaptively 
modulates cognition is not fully characterized. Variations in experi
mental context and task design have made it challenging to fully parse 
this relationship. Motivational influences have been investigated across 
multiple domains of cognition, with memory encoding and cognitive 
control as two of the most well-studied domains in this now-extensive 
literature. Memory encoding refers to the ability to learn and retain in
formation long-term (Tulving, 1993), while cognitive control is a broad 
umbrella term that refers to executive functions supporting flexible 
representation, maintenance, and updating of internal goals (Miller, 
2000). Memory encoding and cognitive control are critical to adap
tive, goal-directed behavior over time, with motivational context iden
tified as a modulator of task performance in both domains (as reviewed 
in cognitive control: (Botvinick and Braver, 2015); in memory: 
(Miendlarzewska et al., 2016). While memory processes and cognitive 
control can work in concert with one another (Badre and Wagner, 2007; 
Dudukovic and Kuhl, 2017), their modulation by motivation has typi
cally been studied in separate research programs focusing on distinct 
performance outcomes. As such, the extent to which a given motivation 
manipulation might comparably modulate cognitive performance, and 
the similarities and differences across domains, remains an open and 
important question. Additionally, observed effects of reward on cogni
tion may differ across studies, given variability in several parameters of 
study designs used, including those relating to reward type, amounts, 
and contingency, as well as task rules, timing, and stimulus format. Prior 
meta-analyses of reward effects on cognition (i.e., Burton et al., 2021; 
Swirsky et al., 2023) have identified heterogeneity in the magnitude of 
reward effects, suggesting the presence of potential moderators. How
ever, those prior studies have been limited in accounting for such het
erogeneity, suggesting that a more comprehensive evaluation of 
potential moderators is warranted. Thus, the goal of the present 
meta-analysis is to synthesize the literature and advance our under
standing of the extent to which a broad range of experimental param
eters moderate reward motivation effects on cognition in two separate 
domains of memory encoding and cognitive control. Specifically, our 
meta-analysis seeks to address the following unresolved key questions: 
(1) To what extent are reward anticipation effects on cognitive perfor
mance comparable versus dissimilar for cognitive control and memory 
outcomes? (2) What factors, particularly those relating to study design, 
moderate the magnitude of such reward effects? Across both domains, 
our meta-analysis focused on studies employing 
Monetary-Incentive-Delay (MID)-style paradigms to elicit reward 
anticipation and examine its effects on cognitive performance. The MID 
paradigm and this approach are described in more detail below.

2. Monetary-incentive-delay (MID) paradigms for assessing 
motivated cognition

Across both memory and cognitive control domains, the MID para
digm and related adaptations have become well-established tools for 
characterizing the effects of reward motivation on brain activity and 
behavioral task performance. The MID paradigm was originally adapted 
from instrumental conditioning paradigms used in animal models for 
use with humans during fMRI scans, with the goal of examining discrete 
anticipatory and consummatory stages of reward processing and their 
associated neural substrates. On each trial of the original MID paradigm 
(Knutson et al., 2000), a reward (or non-reward) cue was presented, 
creating an anticipatory period, followed by a target to be responded to 
and reward receipt. This simple cue-probe paradigm allows for the 
investigation of brain activity during reward anticipation and subse
quent receipt or reward feedback. Dovetailing with animal studies of 

reward anticipation and motivated behavior, fMRI evidence using the 
MID paradigm has demonstrated that activity in the mesolimbic dopa
mine pathway, originating in the midbrain and projecting dopamine to 
multiple cortical and subcortical regions crucial to cognition, including 
prefrontal cortex, striatum, and hippocampus, is implicated in human 
reward anticipation and receipt (Braver et al., 2014; Knutson et al., 
2001). In particular, mesolimbic dopaminergic input to the prefrontal 
cortex has been of interest as an anatomical basis for reward modulation 
of cognitive control (Botvinick and Braver, 2015), while mesolimbic 
dopaminergic input to the hippocampus has been of interest as an 
anatomical basis for reward modulation of memory encoding (Shohamy 
and Adcock, 2010). More recent research posits that anticipatory ac
tivity in the mesolimbic dopamine pathway might specifically enable 
neural preparation for approach behavior and memory encoding (e.g., 
by inducing a potential “convergence state” for adaptive cognition; (Poh 
et al., 2022).

The MID paradigm has now been adapted into many variations to 
investigate effects of reward anticipation on cognitive performance, but 
the basic cue-target trial structure of the paradigm has generally been 
retained across these adaptations. This makes the MID-style paradigm an 
ideal “case study” for examining the influence of motivation (and related 
putative mesolimbic dopamine pathway engagement) on cognitive task 
performance across different domains and experimental contexts. While 
other task designs have also been used to examine the influences of 
reward on cognitive performance (i.e., blocked designs where tasks are 
performed in a sustained reward context, paradigms where rewards are 
presented concurrently with processed target stimuli or received as 
feedback; reviewed in (Bowen, 2020). We elected to constrain the pre
sent literature search and meta-analysis to studies using MID-style 
experimental paradigms, where each trial follows a cue-probe/target 
structure. Such paradigms are widely used in the study of motivated 
cognition and extensive evidence exists regarding their elicitation of 
motivation-related brain activity in humans. As such, focusing on effects 
elicited using MID-style paradigms in the present investigation might 
allow for a certain degree of consistency in putative brain activity during 
the reward anticipation period and facilitation of cross-study, as well as 
cross-domain (memory encoding versus cognitive control), examina
tions of motivational effects on cognitive performance.

MID-style paradigms assessing effects of reward anticipation on 
cognitive control typically manipulate reward on a within-subjects 
basis, using trial structures where a high reward or non-/low-reward 
cue is initially presented. Such a cue is followed by a target to be 
responded to, and the timing interval between processing of motiva
tional information, the presentation of the target stimulus, and the 
participant behavioral response is typically brief (i.e., on the order of 
seconds). Both accuracy and reaction time are often examined as 
outcome measures of interest. In the memory domain, a variant of the 
MID paradigm known as the Monetary-Incentive-Encoding (MIE) para
digm has been used to examine effects of reward anticipation on 
memory encoding (Adcock et al., 2006). In the MIE task, the basic trial 
structure of a high reward or non-/low-reward cue, followed by a target 
stimulus, is also employed. Participants are typically either instructed to 
encode the stimuli, with rewards tied to successful memory perfor
mance, or incidentally encode stimuli (i.e., where rewards are not 
memory performance contingent, but received incidentally to task per
formance or earned via engagement in an unrelated task) without in
struction that their memory will be later tested. Motivated memory in 
the MIE paradigm is measured at retrieval; by design, participant 
behavioral responses are collected following a retention interval, using 
retrieval tests of different formats including recognition, free recall, 
paired-associations, and alternative forced-choice tasks. Performance 
accuracy is typically used as the primary outcome of interest.
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While theoretical and empirical accounts support the idea that both 
memory encoding and cognitive control should be adaptively modulated 
by modulation, it remains an open question whether MID-style reward 
anticipation cues influence memory and cognitive control outcomes 
with comparable effect amplitude, given differences in how the studies 
are conducted between these domains. Specifically, the temporal prox
imity of the motivational cue (and associated putative dopamine activ
ity) to assessed behavioral output differs across domains. Memory is 
typically assessed with accuracy-related metrics at retrieval, following 
an encoding block and retention interval, whereas cognitive control is 
typically assessed with both accuracy- and speed-related metrics derived 
from an immediate motor response on each trial. These differences in 
performance characteristics across memory and cognitive control do
mains might have important implications for how they are modulated by 
reward anticipation. Extensive evidence indicates that dopaminergic 
activity might underlie motivation-related benefits to cognitive perfor
mance, but may also be implicated in enhanced or accelerated motor 
responding (sometimes characterized as “vigor”; Beierholm et al., 
2013), and that such enhancements to both cognitive and motor activ
ity might have evolved together to maximize reward harvesting in 
resource-rich environments (Düzel et al., 2010). At the same time, motor 
activity has been identified as engaging the noradrenergic system of the 
brain, a catecholamine pathway closely related to and interacting with 
dopamine, to support motivated cognition and behavior (Yebra et al., 
2019). It is possible that the effect of reward anticipation on cognitive 
performance in MID-style paradigms might be amplified for cognitive 
control versus MIE-style memory encoding outcomes, given the closer 
temporal proximity between elicitation of reward anticipation and 
execution of behavioral output used to assess cognitive control, 
compared to examining memory retrieval at a delay. Further, such 
amplification of reward effects on cognitive control might specifically 
manifest in terms of increased speed, reflecting dopamine effects on 
motoric vigor. However, to our knowledge, no systematic comparison of 
reward anticipation effects in MID-style paradigms, across memory 
encoding and cognitive control outcomes, has been conducted. Such a 
comparison might be important for advancing understanding of com
mon versus distinct mechanisms driving motivated cognition across 
cognitive domains.

3. Experimental design differences in memory encoding and 
cognitive control paradigms

While MID-style paradigms have been prevalent within the moti
vated cognition literature across both memory and cognitive control 
domains, variability in task design within this paradigm structure has 
proliferated. Experimental paradigms to assess the

effects of reward anticipation on memory encoding, cognitive con
trol, and other cognitive outcomes have differed on a number of pa
rameters. These include the types and amounts of motivators employed 
to elicit reward anticipation, incentive contingency (i.e., whether 
motivational incentives are performance-contingent or incidental), task 
rules, event structure and timing, and for memory paradigms, parame
ters of the retrieval test and retention interval. Differences in these and 
other elements of study design may further moderate how motivational 
and cognitive mechanisms are engaged across studies, potentially un
derlying heterogeneity in the reward effects observed. Testing for po
tential moderators is important both for advancing a basic scientific 
knowledge of motivated cognition as well as effective application of this 
knowledge in myriad settings including educational, occupational and 
health contexts.

While monetary gains/losses and points are the most commonly 
observed incentives in the motivated cognition literature, other types of 
incentives have also been used, including foods and consumable liquids, 
threat of electric shock, and social incentives (Krug and Braver, 2014). 
Limited comparisons of the motivational effects of different types of 
incentives on cognition have been conducted, but past studies have 

suggested both diverging and comparable modulatory effects (Beck 
et al., 2010; Crawford et al., 2020). Further, task-based incentives are 
often offered as performance-based bonuses in the motivated cognition 
literature, but such bonuses can interact with compensation to partici
pate in the research study (e.g., course credit or monetary payment) to 
influence task performance (Bowen and Kensinger, 2017).1 Incentives 
can also vary in valence, with reward-approach and 
punishment-avoidance designs utilizing both monetary and alternative 
forms of incentives, and with some studies combining positively- and 
negatively-valenced incentives (i.e., simultaneously implementing re
wards for good performance and penalties for poor performance). The 
extent to which differing valences and types of incentives might mod
erate cognitive outcomes is an emerging topic for the field, with both 
commonalities and differences in their effects identified across both 
cognitive control (Cubillo et al., 2019; Yee and Braver, 2018) and 
memory domains (Murty and Adcock, 2017; Shigemune et al., 2014). 
With the use of parametrically varying incentives such as money or 
points, it is also possible that the amplitude of motivational effects on 
performance might correspond to the relative difference between high- 
and low/no-incentive conditions. Prior studies have yielded mixed ef
fects; some evidence suggests that reward influences on memory can be 
adaptively scaled, with larger reward amounts associated with greater 
benefits (Bunzeck et al., 2010), but other evidence has suggested 
nonlinear relationships or decrements in performance at higher reward 
levels (“choking under pressure”; Beilock and Carr, 2001; Mason et al., 
2017; Yu, 2015). To our knowledge, it remains an open question 
whether study-level variability in the relative amount of incentives 
across high and low/no-reward conditions might relate to the amplitude 
of relative effects on performance.

Incentive contingency might be a second important moderator of 
motivational influences on cognitive performance. Both performance- 
contingent (i.e., rewards earned for cognitive task performance) and 
incidental incentives (i.e., rewards received independently of task per
formance or earned via engagement in an unrelated task) have been 
used to examine effects of motivation on memory encoding and cogni
tive control. In the memory domain, evidence suggests that both 
contingent and incidental rewards can enhance performance (Adcock 
et al., 2006; Chiew and Bowen, 2022; Wittmann et al., 2005). However, 
we might speculate that the amplitude of the reward effect on memory 
encoding might be larger when rewards are performance-contingent, as 
such contingency might promote more attention to presented memo
randa or engagement in effective encoding strategies such as semantic 
elaboration. We can also consider potential effects of intentional versus 
incidental encoding independent of reward – in other words, whether 
participants know their memory will be tested later, separately of re
wards associated with that memory performance. Evidence suggests that 
memory performance is generally enhanced under intentional versus 
incidental encoding (Craig et al., 2016), but it is unclear whether the 

4 Specifically, Bowen and Kensinger (Bowen and Kensinger, 2017) demon
strated that participants in a motivated memory experiment compensated by 
monetary payment showed a larger selectivity effect for high-value informa
tion, but their global memory performance did not significantly differ from 
participants receiving course credit for compensation. It was suggested that 
these diverging results might reflect varying degrees of extrinsic versus intrinsic 
motivation, which might have been stronger drivers of performance in the 
monetary and credit compensation conditions respectively. These findings 
reflect the broader principle that extrinsic incentives might interact with 
intrinsic motivation (Ryan and Deci, 2000) and may, in some circumstances, 
undermine it (Murayama et al., 2010) to impact task performance. While the 
interplay between extrinsic and intrinsic motivation is an important issue in the 
study of motivated cognition, experimental studies of cognitive performance 
using MID-style paradigms have generally manipulated motivation via extrinsic 
rewards and incentives, with limited investigation of the role of intrinsic 
motivation. As such, our meta-analysis is limited in the extent to which the role 
of intrinsic motivation can be characterized.
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benefit of intentionality might interact with incidental rewards. In the 
cognitive control domain, effects of reward on task performance have 
been observed to vary with incentive contingency. In contrast to the 
memory literature, where both contingent and incidental rewards have 
generally been found to enhance memory performance, rewards have 
been associated with opposite effects on cognitive control depending on 
contingency: for example, increases in cognitive control have been 
observed with performance-contingent rewards (Chiew et al., 2018; 
Braem et al., 2012; Chiew and Braver, 2013), while decreases in 
cognitive control have been observed with non-contingent rewards (van 
Steenbergen et al., 2009). However, to our knowledge, such diverging 
effects with reward contingency have not been systematically studied in 
cognitive control. Further, the effects of performance-contingent reward 
on cognitive control might also depend on specifics of the contingency 
structure – for example, whether incentives are awarded on the basis of 
accuracy, speed, or a combination of both (Dambacher et al., 2011).

Third, variation in task rules, trial event content, and timing is 
common across studies in the motivated cognition literature, but the 
extent to which this variation might moderate effects of motivation on 
cognitive outcomes is not well-characterized. In the cognitive control 
domain, a wide variety of tasks have been used to examine effects of 
reward anticipation on performance within MID-style paradigms (i.e., 
Stroop, Flanker, AX-CPT, task switching, etc.), but such differing tasks 
are argued to involve distinct cues, rules, and responses (Freitas et al., 
2007) and different sources of conflict (i.e., stimulus-stimulus versus 
stimulus-response conflict; Kornblum et al., 1990), the processing of 
which might be differentially modulated by motivation. While some 
initial evidence suggests that incentive valence might interact with 
cognitive control demands (i.e., evidence suggests that rewards might 
benefit active responses more than passive withdrawal, while punish
ments might benefit inhibitory responses more than active; 
Guitart-Masip et al., 2012), the extent to which effects of reward moti
vation on cognitive performance might vary as a function of cognitive 
control task is largely unknown. In the memory domain, a variety of 
memoranda have been used, including word and picture stimuli, which 
might vary in memorability (Oates and Reder, 2011) and potential 
modulation by motivational manipulation. For example, neuroimaging 
evidence suggests that value-directed modulation of memory encoding 
for word stimuli is specifically associated with enhanced activity in the 
semantic network (Cohen et al., 2016); such modulation might be 
reduced with image stimuli if they engage regions related to semantic 
processing differently or to a lesser extent than word stimuli (Chee et al., 
2000; Devereux et al., 2013). Temporal variability in trial events, 
particularly in reward cue, target, and cue-target interval durations, 
might be important given evidence that neural responses to reward 
anticipation cues unfold over time (Fiorillo et al., 2003; Schultz, 2007) 
and that cues to certain versus uncertain reward have been found to 
impact memory formation differently as a function of cue-target interval 
duration (Stanek et al., 2019). Specific to motivated memory encoding, 
the importance of retention interval length (i.e., timing between 
encoding and retrieval) has been the subject of debate. Some studies 
suggest that motivated memory might depend on dopaminergic modu
lation of hippocampally-based consolidation processes that take time to 
unfold (Gruber et al., 2016; Spaniol et al., 2014), while other studies 
have identified comparable or even enhanced reward benefits to mem
ory without an overnight consolidation period (Castel et al., 2002; 
Gholston et al., 2023).

Finally, in the memory domain, emerging evidence suggests that 
motivational effects might vary with the format of the retrieval test. 
Memory performance can be assessed using methods such as recall, 
recognition, and paired-associates tests. Prior research suggests that 
successful memory recall might depend on recollective memory, while 
memory recognition might depend on either recollective- or familiarity- 
based memory (Mandler, 1980; Yonelinas, 2002). Given that reward 
motivation has been associated with enhanced hippocampal activity, 
arguably promoting recollection, it is possible that reward-related 

benefits to memory might be amplified when a recall memory test is 
used, compared to a recognition memory test. Additionally, our recent 
work suggests that reward motivation might modulate decision biases at 
retrieval as well as memory encoding processes, shaping recognition 
memory performance differently as a function of both rewards for cor
rect responses as well as penalties for false alarms (Bowen et al., 2020). 
Taken together, a meta-analysis is an ideal opportunity to characterize 
the effects of these potential moderators of motivational effects on 
cognitive outcomes, across memory and cognitive control domains, and 
across a broad and heterogeneous research literature.

4. Past reviews and meta-analyses

While some prior syntheses of motivated cognition research that 
consider potential moderators of and sources of variability in motivation 
effects have emerged, they remain relatively limited in number. In one 
such study, Burton, Knibb, and Jones (Burton et al., 2021) conducted a 
meta-analytic investigation of reward effects specifically on inhibitory 
control to address prior observations of inconsistent outcomes across 
studies. Burton et al. tested a limited number of moderators (clinical 
status, reward type, task type, and age) and, while observing high het
erogeneity in reward effect sizes, found that their tested moderators did 
not account well for this heterogeneity, leaving open questions about the 
factors that might contribute to reward benefits to cognition. As a 
pre-cursor to the present meta-analysis, we recently published a narra
tive review of popular experimental paradigms that have been used to 
study motivated memory (Chiew and Bowen, 2022), highlighting how 
differing aspects of task paradigms, including incentive type, participant 
compensation, and retention interval, might contribute to observed re
sults. We also theorized where strategic control versus automatic pro
cesses might underlie motivated memory performance (i.e., suggesting 
that strategic control might be mobilized more at encoding when par
ticipants intentionally encoded information, knowing there would be a 
subsequent memory test, versus incidental encoding followed by a sur
prise memory test) and emphasized where controlled and automatic 
reward-related processes might work in tandem to modulate memory. 
Writing that review helped us consider potential sources of variability in 
motivated cognition and identify what moderators might be important 
to investigate empirically in the present meta-analysis.

In parallel with our review, Knowlton and Castel (Knowlton and 
Castel, 2022) published a comprehensive review of evidence that 
motivated memory (or value-directed remembering; i.e., the prioritization 
of higher-value or more motivationally significant information in 
memory) might depend on both strategic and automatic cognitive pro
cesses associated with distinct neural substrates and differentially 
engaged across different contexts. They further postulate that reliance 
on strategic versus automatic mechanisms to support value-directed 
remembering may vary across the lifespan in relation to age-related 
neurocognitive changes, with reduced reliance on automatic processes 
in older age. Notably, this review did not quantify the extent of these 
potential differences through meta-analytic approaches. To test this 
more directly, Murphy et al. (Murphy et al., 2025) developed a novel 
paradigm investigating age-related differences in the automatic pro
cessing of value during memory encoding and its influence on subse
quent remembering, and reported evidence that automatic effects of 
value might have a greater effect on subsequent memory in younger 
versus older adults.

Finally, in a similar vein, Swirsky et al. conducted a systematic re
view (Swirsky and Spaniol, 2019) followed by a meta-analysis (Swirsky 
et al., 2023) focusing on motivated cognition across the lifespan. Spe
cifically, Swirsky and Spaniol (Swirsky and Spaniol, 2019) reviewed 
empirical findings of both declines and maintenance of motivational 
selectivity in older age, proposing a new framework comprising multiple 
mechanisms of selectivity to reconcile disparate results in the cognitive 
aging literature. In the follow-up meta-analysis (Swirsky et al., 2023), 
the authors quantitatively tested for significant age differences in 
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motivated cognition (examining Motivation × Age interaction terms 
from the literature), specifically in terms of memory and cognitive 
control outcomes. Their meta-analytic results did not yield the hy
pothesized significant Motivation ×Age interaction, nor did most of the 
tested moderators reach significance, with the exception of incentive 
type on memory outcomes. Similar to Burton et al. (Burton et al., 2021), 
Swirsky et al. observed a high degree of heterogeneity in reward effect 
sizes, suggesting the presence of important but unexplored moderator 
variables.

Taken together, these prior studies have advanced the field of 
motivated cognition by identifying potential variability in neuro
cognitive mechanisms and examining associated participant- and study- 
level factors that may have contributed to inconsistent effects of reward 
on cognitive performance. However, prior meta-analyses (Burton et al., 
2021; Swirsky et al., 2023) have revealed high levels of heterogeneity in 
reward effect magnitude that have yet to be fully accounted for by po
tential moderating variables. Notably, Swirsky et al. (Swirsky et al., 
2023) focused specifically on age-related differences in motivation ef
fects (i.e., the Motivation × Age interaction), used a very broad set of 
“motivation” search terms, and collapsed across varied task designs, 
while Burton et al.’s results suggested that reward effects on cognitive 
performance may vary with task type, but their investigation was 
limited to the topic of inhibitory control. Additionally, to our knowl
edge, no prior meta-analysis has systematically compared reward main 
effects on cognitive performance and significant moderators of such 
effects across domain (memory versus cognitive control) and perfor
mance outcome (for cognitive control, accuracy versus response times). 
In the present study, we examined a larger and more comprehensive 
array of potential moderators than prior identified meta-analyses, 
including several task design parameters, paradigm type, and event 
timing, across both cognitive control and memory outcomes. We further 
focused our investigation on studies employing MID-style cue probe 
designs to induce reward anticipation. Given extensive neuroimaging 
research employing the MID to characterize neural activity related to 
reward, this approach allowed us to compare cognitive performance 
across domains and characterize the role of potential moderators in the 
context of putative, but well-studied, brain activity related to reward 
anticipation with some consistency across included datasets. Finally, 
while a substantial portion of this prior work suggests that age-related 
differences may be an important dimension of motivated cognition, 
the primary focus of our study was to characterize the magnitude of 
reward anticipation effects on cognition and how they may differ with 
varying task parameters and by the performance outcome examined. 
Given this, we elected to focus on young adult samples rather than 
incorporate a lifespan approach.

5. Current study

The goal of this pre-registered meta-analysis is to examine the effect 
of motivated anticipation (induced through the use of trial-level reward 
cues) on cognitive performance. We specifically focused on studies using 
cue-target MID-style task designs to examine the influence of reward 
anticipation on memory encoding and cognitive control outcomes. We 
had two main research questions: 

1) To what extent does reward anticipation modulate memory encoding 
and cognitive control performance, and how comparable are the 
effects across these two cognitive domains?

2) What specific elements of task design moderate reward anticipation 
influences on memory encoding and cognitive control?

The present study extends prior work on motivated cognition in 
several important ways. First, by focusing on widely-used, cue-target 
task designs, we can meaningfully compare effects of reward cues on 
performance outcomes across the domains of memory encoding and 
cognitive control. Second, we build on the work of Swirsky et al. 

(Swirsky et al., 2023), but elected to examine main effects of motivation 
on cognition broadly, as opposed to focusing on the potential interaction 
of motivation with age. Finally, we test for potential moderation by 
varying aspects of task design – largely under-characterized in the 
cognitive psychology literature, but potentially altering the mechanisms 
underlying motivation-cognition interaction – which could significantly 
influence study outcomes and contribute to variability in observed re
sults across the motivated cognition literature.

6. Methods

6.1. Transparency and openness

This project was preregistered on the Open Science Framework 
(OSF) on April 20, 2020: https://osf.io/vc2ht. We developed a protocol 
for objectives, search criteria, and strategy for data extraction prior to 
conducting the meta-analysis, in line with guidelines for systematic re
views (Centre for Review and Dissemination, 2008) and we adhered to 
the PRISMA 2020 guidelines for systematic reviews (Page et al., 2021). 
The literature search and selection process is presented in a PRISMA 
flow diagram in Fig. 1 top panel (Moher et al., 2009). Data were 
modeled using Comprehensive Meta-Analysis Version 4.0 (Biostat Inc; 
Borenstein et al., 2022). All data and research materials including our 
coding scheme are available at the OSF project page https://osf.io/h29 
5a/files/osfstorage.

6.2. Search strategy

In February 2020, the following electronic databases were searched: 
PubMed (https://pubmed.ncbi.nlm.nih.gov/), APA PsycINFO (https 
://www.apa.org/pubs/databases/psycinfo), and Web of Science (https 
://www.webofscience.com/wos/woscc/basic-search). To be as inclu
sive as possible and reduce potential bias, limits were not placed on the 
years searched or the resource type, and unpublished studies (e.g., dis
sertations) were included. Given our interests in investigating the effects 
of reward motivation on cognition in two domains – memory encoding 
and cognitive control– we developed two families of search terms for 
studies investigating memory encoding and cognitive control as follows: 

1) Memory Encoding: (“memory encoding” OR “subsequent memory” 
OR “recognition”) + (“reward” OR “reward anticipation” OR 
“motivation” OR “incentive” OR “motivational incentive”)

2) Cognitive Control: (“cognitive control” OR “executive function” OR 
“executive control”) + (“reward” OR “reward anticipation” OR 
“motivation” OR “incentive” OR “motivational incentive”)

Bibliographic information for each record was exported into a 
spreadsheet for the article screening process.

A second search was conducted on October 17, 2025, with the same 
search terms and procedure except the search was limited to the date 
range of February 1, 2020 to present. The results of this search are re
ported in Fig. 1 bottom panel. The results reported below include papers 
from both searches combined.

6.3. Screening process

Once exported, bibliographic information for each citation was 
inspected across reference databases and duplicate citations were 
removed. Then, search results were inspected to determine whether they 
met the inclusion criteria for the meta-analysis. These criteria were as 
follows: 

1) Studies had to be empirical (i.e., refereed, peer-reviewed journal 
articles, dissertations, theses), quantitatively examining the associ
ation between reward motivation and memory or cognitive control 
using cue-target designs. Qualitative studies (i.e., focus groups, case 
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Fig. 1. Prisma Diagram of the Search Strategy and Selection Process. Note. The two top diagrams are from the original February 2020 search and the bottom diagrams 
are from the October 2025 search.
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studies), systematic narrative reviews, and opinion pieces were 
excluded.

2) Studies had to include healthy young adult participants ages 18–35 
years, where healthy was specified as: a) no recent head or brain 
injuries; b) no current diagnosis of neurological or psychological 
disorder; c) no history of stroke, epilepsy, or learning disability; d) no 
current use of psychotropic medications. Control groups of healthy 
individuals from clinical studies or young adult groups from devel
opmental studies were considered eligible for meta-analysis inclu
sion if data from eligible individuals was available separate from 
ineligible individuals.

3) Studies had to include reported outcomes for memory performance 
(in terms of memory accuracy, as measured at retrieval) or cognitive 
control performance (in terms of error rates, reaction times, or both).

4) Studies had to employ random assignment to reward conditions 
during the task and include at least two within-subject reward 
anticipation conditions (i.e., low or no-reward versus high reward).

5) Studies were required to be published in English, with no geographic 
limitations on data collection or samples.

Studies were screened for inclusion in separate steps. After the 
removal of duplicates, we inspected studies first by titles and abstracts, 
and second via the full text. Studies identified as ambiguous regarding 
eligibility in the first step (i.e., in their use of reward manipulations, 
cognitive performance outcomes, or populations sampled) were 
included for full-text screening to reduce potential coding errors and 
bias. To further reduce potential coding errors and bias, each article was 
screened for inclusion by two independent raters. There was 95.4% 
inter-rater agreement on study inclusion and discrepancies were 
handled by discussion. After identifying citations for inclusion, the 
reference sections of included papers were also manually searched for 
additional papers that were missed in our initial search. This “snowball 
sampling” approach yielded 1 additional memory publication and 2 
additional cognitive control publications included in the meta-analysis. 
These additional studies were also coded by two independent raters. The 
final meta-analysis included 43 publications (58 studies) for memory 
accuracy, 65 publications (82 studies) for cognitive control. Within 
cognitive control, 53 publications (70 studies) reported reward effects 
on accuracy, and 56 publications (74 studies) reported reward effects on 
RT. Of these cognitive control studies, 10 were included for cognitive 
control RT but not accuracy, and 6 were included for cognitive control 
accuracy but not RT. Finally, in 3 cognitive control studies, we were able 
to obtain effect sizes for inverse efficiency scores, a composite measure 
combining accuracy and RT, but not for accuracy and RT alone; for these 
3 studies, we used the same effect size for both accuracy and RT. 
Separate reference lists for the studies included in the cognitive control 
and in the memory meta-analyses are available in the Supplement.

6.4. Data extraction

Data coding and extraction were conducted by the research team 
members and included publication title, year, author(s), journal, pub
lication type, country of origin, population of interest, sample size, 
percentage of women, race/ethnicity distribution, mean age, age range, 
employment information, type and amount of reward, performance- 
contingent status of reward, durations of cue, target, and cue-target 
interval, and summary statistics needed for calculation of effect sizes 
of interest. Additionally, for memory studies only, we coded for inten
tional versus incidental memory, type of retrieval test, retention interval 
between study and test, punishment of errors at encoding, false alarm 
penalties at retrieval, and types of target stimuli encoded. For cognitive 
control studies only, we coded the type of cognitive control task, pun
ishment of errors, and presence of RT deadline.

The effects of interest in the present study were accuracy differences 
in high versus low/no-reward conditions for memory studies, and ac
curacy and RT differences in high versus low/no-reward conditions for 

cognitive control studies. Where effect sizes were reported, these values 
were extracted; otherwise, outcome means and standard deviations for 
memory and cognitive control as a function of high versus low/no- 
reward conditions, along with t-test or F-test statistics and sample 
sizes, were extracted and used to estimate effect sizes (following Lakens, 
2013, described in more detail below).

Where studies met eligibility criteria for inclusion but statistical in
formation to calculate effect size was not reported, the corresponding 
author was contacted with a request for this information. Across do
mains, 56 authors were contacted, and of these, 17 provided missing 
data. An additional 15 authors did not respond to email, but 14 of their 
studies were included due to determining effect size upon second glance. 
Effect sizes were directionally signed such that positive effect sizes 
indicated better performance (in terms of higher accuracy and faster 
RTs) in the high (versus low/no) reward condition and negative effect 
sizes indicated better performance in the low/no versus high reward 
condition.

As outlined in the pre-registration, we coded for multiple potential 
moderators of the effect of reward anticipation (high versus low/no 
reward) on memory encoding and cognitive control outcomes. Depart
ing from the pre-registration, we focused on trial-by-trial manipulations 
and did not examine block versus event-related reward manipulation as 
a moderator, as we discovered that fMRI studies using the MID and 
related task paradigms to characterize mesolimbic dopamine activity 
primarily used event-related designs where reward was manipulated 
trial by trial. Across both memory and cognitive control outcomes, we 
first tested reward-related moderators including 1) reward type (pri
mary versus secondary), 2) type of secondary reward (money or points), 
3) the difference in amounts between the high and low/no reward 
condition, 4) the presence versus absence of a false alarm penalty 
(memory studies only), 5) the compensation format (receiving 
compensation for participation time, bonus, both, or course credit 
compensation plus monetary bonus), 5) incentive contingency (reward 
performance-contingent versus incidental), and 6) the presence of pen
alty incentives (in addition to reward incentives or not) including a 
punishment at the time of memory encoding, or a punishment for errors 
in the case of cognitive control tasks. Next, we coded moderators related 
to task conditions. For memory outcomes only, we also examined the 
following moderators 1) intentional versus incidental memory encoding 
(i.e., whether the subsequent retrieval test was anticipated or surprise), 
2) target stimulus type (words, pictures, faces, or multiple types of 
stimuli), and 3) retrieval test type (recall, recognition, or paired asso
ciates). For cognitive control outcomes only, we also examined the 
following moderators 1) task type (coded as Auditory, AX-CPT, 
Discrimination, Flanker, Simon, Stroop, Switch, Working Memory), 
and 2) the presence of RT deadline (receiving reward based on accuracy 
versus accuracy and speed). Third, for both memory and cognitive 
control domains, we coded moderators related to task timing including 
1) reward cue length (in milliseconds), 2) target stimulus length (in 
milliseconds), and 3) cue-target interval length (in milliseconds). For 
memory studies with recognition paradigms, we also coded for the 
length of the retention interval (categorically grouped into studies with 
immediate memory test, same day but different session test, and next 
day test). Finally, we tested for general moderators of country of origin, 
year of publication, and percentage of female participants across both 
memory and cognitive control studies. Results for these three last 
moderators are presented in the Supplemental Material.

6.5. Study quality

Two independent raters evaluated the quality of each study using a 
modified version of the Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies (NIH, 2020). This tool allows for the 
evaluation of selection, information, or measurement bias, as well as 
confounding variables, where higher quality scores indicate lower risk 
of bias. Ten items of the original fourteen in the Quality Assessment Tool 
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were used in the current study. Given the present focus on studies 
employing experimental repeated-measures designs, the remaining four 
criteria were not applicable: Criteria 6 (exposures of interest were 
measured prior to the outcome) was not used because it necessarily 
applied to all included studies. Criteria 12 (outcome assessors blinded to 
exposure status of participants), Criteria 13 (percentage of attrition from 
baseline to follow-up), and Criteria 14 (potential confounding variables 
controlled in analyses) did not apply to any studies included in the 
current meta-analysis. Each study was rated on the eleven criteria (as 
0 = no or 1 = yes) and the ratings were summed to generate a total 
quality score.

6.6. Analysis plan

For each study included in the analyses, when possible, we used the 
effect size reported in the paper and, if necessary, converted the effect 
size to Cohen’s d using code from https://haiyangjin.github.io/2020/ 
05/eta2d/. For studies that did not directly report the effect size but 
reported the necessary statistical information to calculate it, we used a 
spreadsheet-based tool (Lakens, 2013) to estimate Cohen’s d and the 
standard error (SE), assuming a correlation between within-subjects 
measures of.70. Many cognitive control studies included both accu
racy and RT outcomes (see Screening Process section above), but analyses 
on these two outcomes were carried out separately. Within the memory 
studies, we did not have multiple effects within the same study, so in
dependence was assumed.

All analyses were implemented with Comprehensive Meta-Analysis 
(CMA) software (Version 4.0, Biostat Inc; Borenstein et al., 2022). The 
random-effects model was employed (Borenstein et al., 2010), using 
sub-group analyses for categorical moderator variables, and 
meta-regressions for continuous moderator variables.

We first calculated the overall effect size of reward on memory, 
cognitive control accuracy, and cognitive control RT. Next, the moder
ators described above were examined individually for each outcome 
type. Finally, to compare reward anticipation effects on cognitive per
formance across memory and control domains, we conducted meta- 
analyses examining reward effect size across both memory and cogni
tive control studies, with outcome type as a moderator. To be included in 
a categorical moderator analysis, we required at least 3 studies per 
category.

7. Results

7.1. Description of the participants

For each memory study, we coded country of origin, sample size (M 
= 35.72, SD = 19.92), age (M = 21.86, SD = 2.36, range min = 18, range 
max = 35), percent female participants (M = 57.34%, SD = 17.30). For 
cognitive control studies, we coded country of origin, sample size (M =
35.46, SD = 20.95), age (M = 22.20, SD = 1.65 range min = 18, range 
max = 43), percent female participants (M = 63%, SD =.13). Only a 
small number of studies reported race and ethnicity information, which 
is summarized in Supplementary Table 1. No studies reported employ
ment information apart from a subset indicating that participants were 
recruited from a student population; such populations are indicated as 
part of the demographic information included in Tables 1 and 2.

7.2. Study quality assessment

Using the Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies NIH, 2020 (NIH, 2020), study quality was 
assessed by two independent coders. Given the types of studies included 
in this meta-analysis, only 10 out of 14 criteria were appropriate to 
apply. In line with previous work (Gower et al., 2022; Schuman et al., 
2019), but adjusted for the current study with only 10 criteria, studies in 
the current review were placed in three categories, based on their total 

quality scores: ‘good’ (8− 10), ‘fair’ (4− 7), or ‘poor’ (0− 3). Quality 
assessment scores indicated that the quality of included studies was 
good (cognitive control quality scores: M = 9.11, SD = 0.42, inter-relater 
reliability, k = .75, p < .001; memory quality scores: M = 9.01, SD =
0.55, inter-relater reliability, k = .79, p < .001). The results of the study 
quality assessment revealed that all studies fell into the ‘good’ category 
by both raters, so the current meta-analysis can be interpreted with some 
confidence.

8. Memory accuracy outcomes

8.1. Relation between reward anticipation and memory accuracy

This analysis is based on 43 publications (58 studies), with Cohen’s 
d used as the measure of effect size. The overall mean effect size is 
d = 0.537 (see Fig. 2, forest plot diamond), a medium effect, with 95% 
confidence interval (95% CI) = [0.43 – 0.65]. This mean effect size is 
significantly greater than zero, Z = 9.79, p < .001. There was significant 
between-study heterogeneity in the relation between reward and 
memory, Q(57) = 479.54, p < .001; a substantial proportion of variance 
in these 58 studies reflects variance in true effects I2 = 88%, as opposed 
to sampling error (12%). The prediction interval of how much the true 
effect size varies, in 95% of comparable studies, ranges from − 0.24–1.31 
(see forest plot bottom line), Tau2 = 0.15.

8.2. Sensitivity analyses

To ensure that the effect size was not driven by one particular study 
and that the results were robust, we first examined the relative weight 
that each study was assigned in the random effects model. Study weights 
ranged from 1.01 to 1.96, indicating that no study was overweighted in 
the analysis and each contributed fairly. Second, to ensure the results 
were not skewed by one study’s particular effect size, we ran an iterative 
“one study removed” version of the model. Across these iterations, there 
were no significant changes to the overall mean effect size and all studies 
continued to have a p-value of < .001. This verified that the pattern of 
results was not driven by a single study’s effect size and ensured the 
results were robust.

8.3. Publication bias

We used a funnel plot to visualize the effect sizes of the 58 included 
memory studies against standard errors as an indication of precision (see 
Fig. 3). Visual inspection of this funnel plot revealed asymmetry, 
signaling the possibility of publication bias. This asymmetry was 
particularly apparent for effect sizes from studies with smaller samples – 
the funnel plot indicates an unequal number of studies to the right of the 
mean compared to the left, and the effect size tended to be larger for 
studies with smaller sample sizes. The average sample size was 
N = 35.72 (median N = 29, range: 12–89 participants). This asymmetry 
was confirmed using a trim and fill procedure. As noted, under the 
random effects model, the point estimate for the combined studies is 
0.537 (95% CI = [0.43 – 0.65]; indicated by the white diamond in Fig. 3. 
The white circles represent the effect size for each individual study 
included in the meta-analysis. The trim and fill procedure imputed 19 
possible missing effect sizes to the left of the mean (see Fig. 1 in 
Supplemental Materials). With the addition of the imputed studies, the 
point estimate was 0.278 (95% CI = [0.15 – 0.40]. Egger’s regression 
test of bias was significant b = 4.99, SE = 1.04, t(56) = 4.78, p < .001.

9. Moderator effects on the relation between reward 
anticipation and memory accuracy

There was significant heterogeneity in the effect size between 
studies, indicating that there might be important moderators influencing 
study effect sizes. We first describe the analyses testing for moderators 
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related to differences in reward motivation manipulations, followed by 
the analyses testing for moderators related to differences in encoding 
and retrieval tasks, and lastly by the analyses testing for moderators 
related to trial event timing. See Table 4 for details on all the moderators 
used in the cognitive control analyses.

10. Reward-related moderators

10.1. Reward type

The comparison of primary (e.g., juice) and secondary (e.g., money) 
reward motivation as a moderator could not be conducted for the 
memory studies because no included studies employed primary rewards. 
We did conduct a moderator analysis comparing secondary reward types 

Table 1 
Demographic Characteristics of Memory Studies Included in the Analysis.

First Author and Publication Year Country Source Experiment Sample Size Sample 
Type

Gender 
% F

Age 
M (SD)

Age Range

Adcock et al., 2006 USA P ​ 12 U 25% NR 18–35
Anderson, 2016 USA D 3.1 60 U 43% 21.00 (2.18) 18–31
Anquillare and Selmeczy, 2023 USA P ​ 89 U 79.77% 20.62 (.38) 18–33
Bennion et al., 2016 USA P ​ 74 N NR 20.3 (NR) 18–27
Bialleck et al., 2011 Germany P ​ 20 U 53% 23.87 (1.92) NR
Bowen and Kensinger, 2017 USA P 1 23 S NR 20.04 (1.74) 18–26
​ ​ ​ 2 23 S NR 19.04 (1.15) 18–21
Bowen, 2020 USA P ​ 16 SC 56.25% 25.44 (3.79) 20–33
Bowen et al., 2023 USA P ​ 62 C 40.32% 28.53 (3.63) 18–35
Bunzeck et al., 2010 UK P 2 16 N 56.25% 23.63 (4.22) 19–33
Callan and Schweighofer, 2008 Japan P ​ 15 U 100% 26.00 (3.90) 23–34
Cohen, 2015 USA D 2 20 N 55% 21.65 (3.66) 18–30
​ ​ ​ 4.2 43 S NR NR NR*
​ ​ ​ 4.3 46 S NR NR NR*
​ ​ ​ 4.4 64 S NR NR NR*
​ ​ ​ 4.5 48 S NR NR NR*
​ ​ ​ 4.6 64 S NR NR NR*
da Silva Castanheira et al., 2022 Canada P ​ 44 U 81.81% 20.2 (1.31) 18–25
Ding et al., 2022 China P ​ 27 U 51.85% 20.9 (NR) NR
Elliott and Brewer, 2019 USA P 1 40 S NR 18.81 (NR) 18–22
​ ​ ​ 2 40 S NR 19.49 (NR) 18–29
​ ​ ​ 3 40 S NR 19.82 (NR) 18–28
Elliott et al., 2020 USA P ​ 33 S NR 18.82 (NR) 18–23
Eysenck and Eysenck, 1980 UK P ​ 15 S NR NR 18–30
Eysenck and Eysenck, 1982 UK P 1 20 S NR NR 18–30
​ ​ P 2 13 S NR NR 18–30
Feld et al., 2014 Germany P ​ 16 N 0% 24.50 (NR) 19–30
First Author and Publication Year Country Source Experiment Sample Size Sample 

Type
Gender 
% F

Age 
M (SD)

Age Range

Gholston et al., 2023 USA P 1 27 S 74.07% 20.7 (.63) NR
​ USA P 2 A 31 S 58.06% 19.18 (.47) NR
​ USA P 2B 24 S 54.17% 19.12 (1.12) NR
​ USA P 3 30 S 76.67% 19.44 (.30) NR
Gruber and Otten, 2010 UK P ​ 24 N 65.22% 23.00 (NR) 19–33
Gruber et al., 2013 UK P ​ 24 N 70% 24.00 (NR) 19–33
Halsband et al., 2012 Germany P 1 19 U 47.36% 24.00 (NR) 18–31
Han et al., 2023 USA P ​ 22 S NR 20.6 (3.27) NR
Hennessee, 2018 USA D 1 33 S 66.67% 20.68 (2.30) 18–28
Hennessee et al., 2019 USA P 2 80 S 73.75% 20.20 (1.64) 18–27
Loh et al., 2016 UK P ​ 27 N 66.67% 22.85 (3.08) 19–31
Mason et al., 2017 UK P ​ 40 N 70% 21.30 (3.23) 18–32
Mather and Schoeke, 2011 USA P ​ 42 U/C 71.4% 21.60 (3.40) 18–33
Murty and Adcock, 2017 USA P ​ 20 U/C 60% 23.00 (NR) 18–34
Oyarzún et al., 2016 Spain P 1a 20 S 80% 23.00 (3.10) NR
​ ​ ​ 1b 36 S 100% 20.21 (3.07) NR
Reggente, 2018 USA P ​ 19 U 52.63% 21.80 (3.70) NR
Richter et al., 2017 Germany P ​ 62 U NR 24.58 (2.75) NR
Spaniol et al., 2014 Canada P 1 36 S 50% 23.06 (3.33) 18–33
​ ​ ​ 2 32 S 75% 21.25 (4.41) 18–33
Stanek et al., 2019 USA P 1 20 U 60% 27.45 (3.82) NR
Studte et al., 2017 Germany P ​ 21 U 66.67% 21.70 (2.60) NR
Swirsky et al., 2020 Canada P ​ 50 C 66% NR 18–35
Tucker et al., 2011 USA P ​ 152þ S 59% 20.00 (1.70) NR
Villaseñor et al., 2021 USA P ​ 75 S 49.33% 19.70 (1.94) 18–35
Wittmann et al., 2008 UK P ​ 25 N 48% 24.00 (2.00) NR
Wittmann et al., 2013 UK P ​ 24 N 66.67% 25.30 (3.90) NR
Wolosin et al., 2012 USA P ​ 37 N 43% 20.00 (NR) 18–29
Wolosin et al., 2013 USA P ​ 24 N 41.67% 22.00 (NR) 18–33
Yan et al., 2022 China P ​ 30 U 50% 21.2 (NR) NR

Note. P = Peer-reviewed publication; D = Dissertation; þ= total N = 152 (Reported Exp 1a n = 75, Exp 1b n = 77, but note a discrepancy with the degrees of freedom 
reported in the analyses used to calculate the effect sizes used in the meta-analysis, Exp 1a n = 74, Exp 1b n = 76); NR = Not Reported; * = age not reported, authors 
indicated sample was from an undergraduate population; %F = percent of the sample that reported female. Standard deviations in parentheses; U = university 
community (but not necessarily specified as students); N = not specified; S = students; C = community.
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Table 2 
Demographic Characteristics of Cognitive Control Studies Included in the Analysis.

First Author and Publication Year Country Source Experiment Sample Size Sample 
Type

Gender 
% F

Age 
M (SD)

Age Range

Aarts et al., 2010 Netherlands P 20 S 50% 21.60 (NR) 18–27
Arnau et al., 2024 Germany P 26 N 88% 21.65 (2.15) NR
Asci et al., 2019 Belgium P 24 N 67% 23.42 (NR) 18–31
Bahlmann et al., 2015 USA P 20 N 45% 22.00 (3.20) NR
Beck et al., 2010 USA P 31 U 55% NR 19–34
Bräutigam et al., 2024 Germany P 1 37 U 68% 21.82 (2.70) 18–30
​ ​ ​ 2 59 U 76% 21.88 (3.31) 18–30
Bundt et al., 2021 Belgium P 38 N 66% 22.5 (2.1) NR
Capa et al., 2011 Belgium P 28 S 71% NR 21–30
Capa and Bouquet, 2018 France P 60 S 60% 21.18 (3.13) NR
Chaillou et al., 2017 France P 23 N 61% 21.00 (2.00) NR
Chiew and Braver, 2013 USA P 47 U 74% 20.60 (NR) NR
Chiew and Braver, 2014 USA P 112 U 54% 21.00 (2.86) NR
Chiew and Braver, 2016 USA P 1 24 U 54% 19.50 (1.71) NR
​ ​ ​ 2 24 U 38% 20.30 (1.71) NR
Crawford et al., 2020 USA P 1 30 (age subset) U NR 20.27 (1.64) 18–26
​ ​ ​ 2 59 (age subset) U 76% 25.86 (5.29) 18–35
Cubillo et al., 2019 USA P 30 N 50% 24.00 (2.00) NR
Diao et al., 2014 China P 35 S 57% 21.76 (1.76) 19–24
Diao et al., 2016 China P 18 S 56% 21.60 (NR) 18–23
Fröber and Dreisbach, 2014 Germany P 80 S 82% 23.60 (4.04) 18–43
Fröber and Dreisbach, 2016 Germany P 1 83 S 74% 22.48 (3.60) 18–41
​ ​ ​ 2 40 S 90% 21.26 (3.50) 18–36
Fröber et al., 2020 Germany P 42 U 76% 23.26 (3.35) 18–31
Fröber et al., 2021 Germany P 1 28 S 86% 22.90 (2.83) 19–30
Fröber and Dreisbach, 2021 Germany P 2 30 S 87% 21.57 (2.51) 19–31
Frömer et al., 2021 USA P 1 21 N 81% 21.14 (5.15) NR
​ ​ ​ 2 44 N 86% 20.18 (2.30) NR
Gilbert and Fiez, 2004 USA P 22 S NR NR 18–23
Giuffrida et al., 2023 Italy P 18 N 78% 26.5 (NR) NR
Grogan et al., 2022 UK P 1 30 N 57% 24.30 (5.07) NR
​ UK P 2 34 N 74% 24.53 (5.77) NR
​ UK P 3 30 N 50% 23.13 (4.73) NR
​ UK P 4 30 N 33% 23.07 (4.72) NR
Hippmann et al., 2019 Germany P 1 23 N 52% 23.90 (NR) 20–30
​ ​ ​ 2 20 N 60% 23.3 (NR) 20–28
Jia et al., 2021 China P 21 S 62% 22.20 (NR) 18–28
Jiang and Xu, 2014 China P 20 S 60% 20.25 (1.21) NR
Kang et al., 2019 China P 19 S 42% NR 20–25
Kleinsorge and Rinkenauer, 2012 Germany P 1 16 N 56% 22.10 (NR) 18–30
Kostandyan et al., 2019 Belgium P 2 22 N 71% 23.5 (NR) NR
Kostandyan et al., 2020 Belgium P 25 N 48% 23 (2.94) NR
Krebs et al., 2011 USA P 19 N 53% 22.60 (3.50) NR
Krebs et al., 2012 USA P 14 N 71% 21.70 (3.20) NR
Krebs et al., 2013 USA P 14 N 71% 22.60 (3.50) NR
Le et al., 2020 USA P 38 (age subset) N 53% 25.40 (3.90) 18–34
Liegel et al., 2024 Germany P 32 N 66% 24.90 (4.30) NR
Marini et al., 2015 USA P 1 16 N 50% 22.10 (NR) 18–35
​ ​ ​ 2 17 N 47% 22.7 (NR) 18–35
Padmala and Pessoa, 2011 USA P 50 N 52% 22.0 (5.0) NR
Padmanabhan et al., 2011 USA P 10 N 60% 20.60 (2.20) 18–25
Phaneuf-Hadd et al., 2025 USA P 41 (age subset) N NR 19.52 (0.83) 18–21
Fahey et al., 2025 USA P 109 C 47% 23.35 (NR) NR
Reyes et al., 2020 Chile P 76 O 43% 22.6 (1.5) NR
Savine et al., 2010 USA P 1 26 U 46% 20.13 (NR) NR
​ ​ ​ 2 30 U 57% 20.77 (NR) NR
Schevernels et al., 2014 Belgium P 22 N 86% 20 (NR) 18–23
Seifert et al., 2006 Germany P 53 S 53% 23.40 (2.36) 20–31
Sullivan et al., 2023 Canada P 26 N 54% 23.27 (4.57) 18–33
Taylor et al., 2004 USA P 12 C 50% 24.20 (4.20) NR
Thurm et al., 2018 Germany P 21 C 48% 22.70 (1.90) 20–27
van den Berg et al., 2014 USA P 29 N 48% 22.85 (4.00) NR
Veling and Aarts, 2010 Netherlands P 36 S 67% NR NR*
Wen et al., 2024 China P 74 N 73% 21.42 (2.36) NR
Williams et al., 2018 Canada P 24 C 63% 20.50 (2.47) 18–28
Wolff et al., 2016 Germany P 1 21 U 71% 26.10 (6.50) NR
​ ​ ​ 2 21 U 76% 24.00 (5.10) NR
Yamaguchi and Nishimura, 2019 UK P 1 48 U 67% 20.44 (3.69) NR
​ ​ ​ 2 48 U 73% 20.44 (3.27) NR
​ ​ ​ 3 48 U 60% 20.98 (4.53) NR
Yee et al., 2016 USA P 1 39 U 69% 20.3 (2.5) 18–32
​ ​ ​ 2 38 U 47% 19.92 (2.17) 18–25
Yee et al., 2019 USA P 53 (age subset) U NR 20.06 (2.51) 18–29

(continued on next page)
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of money versus points. This moderator was significant, Q(1) = 6.29, 
p = .012. The effect sizes for studies that used points as incentives 
(k = 19; M = 0.72, SE = 0.09, 95% CI = [0.54 – 0.90]) were larger than 
the effect sizes for studies that used monetary incentives (k = 40; M =
0.44, SE = 0.06, 95% CI = [0.31 – 0.56]), to induce reward motivation.

10.2. Reward amount

We created a reward amount moderator by calculating the difference 
between the high and low reward values of monetary incentives for each 
study using them, and a separate variable for the difference between the 
high and low reward values of points incentives for each study using 
them. In cases where multiple high reward values and multiple low 
reward values were used, the middle of the range from the high and low 
values was chosen to calculate the difference. Monetary and point 
incentive differences were analyzed separately because they were not on 
the same scale – for example, a reward amount difference of 1 point is 
not equivalent to a reward amount difference of $1. First, examining 
monetary reward (k = 27), the reward amount difference was not a 
significant moderator of the effect size, Q(1) = 0.40, p = 0.52. Including 
reward amount as a moderator of the effect did not significantly explain 
any more of the variance in effect size between studies (Tau2 = 0.10, I2 =

82.36%, R2 analog = − 0.01). Turning to studies that used points 
(k = 19), the point difference between the high and low values was also 
not a significant moderator of the effect size, Q(1) = 1.36, p = .24. 
Including the point amount difference as a moderator of the effect did 
not significantly explain more of the variance in effect size between 
studies, Tau2 = 0.23, I2 = 92.47%, R2 analog = − 0.07.

10.3. False alarm penalty

Inclusion of a punishment at the time of retrieval for false alarms in 
tasks that used recognition memory performance was a significant 
moderator in the effect size for reward influences on memory, Q(1) 
= 11.16, p = .001. The effect sizes for studies that included a false alarm 
penalty (k = 20) were significantly larger (M = 0.57, SE = 0.07, 95% CI 
= [0.43 – 0.71]) than studies that did not include a false alarm penalty 
(k = 24; M = 0.26, SE = 0.06, 95% CI = [0.14 – 0.38]).

10.4. Compensation

compensation was coded as being implemented either with money or 
with course credit (in the case of an undergraduate participant pool). 
Both compensation methods were associated with a significant reward 
effect on memory (money: M = 0.55, SE = 0.07, 95% CI = [0.41 –.70]); 
course credit (M = 0.50, SE = 0.14, 95% CI = [0.22 – 0.79]), but 
compensation type was not a significant moderator, Q(1) = 0.10, 
p = .75. Notably, more studies compensated participants with money 
(k = 38) compared to credit, (k = 9), and many studies were not 
included in this moderator analysis because study descriptions did not 
specify what type of compensation was provided.

10.5. Reward contingency

In most studies, reward incentives were contingent on memory 
performance (k = 49), but in some studies, the incentive was incidental 
to memory performance (i.e., unrelated to performance or tied to per
formance in an unrelated task during encoding; k = 11). Reward con
tingency was a significant moderator, Q(1) = 4.60, p = .02, as those 
with reward-contingent memory performance had significantly higher 
effect sizes (M = 0.58, SE = 0.06, 95% CI = [0.47 – 0.69]) than those 
where reward incentive contingent on performance on a different task at 
encoding, with memory incidental to the reward (M = 0.29, SE = 0.05, 
95% CI = [0.05 – 0.53]).

10.6. Punishment at encoding

Very few studies employed a punishment for incorrect responses 
during the encoding task (k = 5; M = 0.27, SE = 0.19, 95% CI = [− 0.09 
– 0.64]) compared to those that did not (k = 55; M = 0.55, SE = 0.06, 
95% CI = [− 0.44 – 0.66]). The presence of a punishment incentive at 
encoding was not a significant moderator of the effect size, Q(1) = 2.07, 
p = .15.

11. Memory encoding and retrieval task-related moderators

11.1. Intentional versus incidental encoding

Many of the studies using intentional encoding (i.e., where partici
pants were aware that memory retrieval would be tested) are also 
categorized as reward-contingent. In line with the results above, that 
reward contingency was a significant moderator, intentional versus 
incidental encoding was a significant moderator of effect size, Q(1) 
= 4.58, p = .03. Studies that included an intentional encoding paradigm 
had higher effect sizes (k = 47; M = 0.59, SE = 0.06, 95% CI = [0.47 – 
0.71]) compared to those that used an incidental encoding task (k = 11; 
M = 0.29, SE = 0.13, 95% CI = [0.04 – 0.53]). In other words, reward 
had a larger effect on memory performance when participants knew at 
encoding that their memory for the stimuli would be tested on a sub
sequent test.

11.2. Type of memoranda

A variety of stimuli were used as memoranda, including images 
(k = 30; M = 0.33, SE = 0.07, 95% CI = [0.20 – 0.47]), words (k = 25; M 
= 0.77, SE = 0.08, 95% CI = [0.61 – 0.92]), and a combination of 
different stimuli (k = 5; M = 0.52, SE = 0.17, 95% CI = [0.19 – 0.86]). 
Type of memoranda was a significant moderator of the effect size, Q(2) 
= 16.82, p < .001. Effect sizes were larger for words compared to im
ages, Q(1) = 16.57, p < .001, and the 95% CIs for these categories do 
not overlap. Effect sizes were not larger for words compared to multiple 
stimulus types, Q(1) = 1.19, p = .28. Effect sizes also did not signifi
cantly differ for studies that used images compared to those that used 
multiple stimulus types, Q(1) = 1.70, p = .19, but it is important to note 
that there were only five studies including multiple types of stimuli and 
the CI range is quite large.

Table 2 (continued )

First Author and Publication Year Country Source Experiment Sample Size Sample 
Type 

Gender 
% F 

Age 
M (SD) 

Age Range

Yee et al., 2021 USA P 27 (age subset) N 59% 24.44 (3.18) 19–30
Zedelius et al., 2011 Netherlands P 1 26 N 73% 21.70 (1.70) NR
Zedelius et al., 2012 Netherlands P 1 41 S 68% NR NR*
​ ​ ​ 2 33 S 73% NR NR*
Zedelius et al., 2012 Netherlands P 1 91 S 70% 20.49 (2.39) NR

Note. P = Peer-reviewed publication; D = Dissertation; NR = Not Reported/Available; * = age not reported, authors indicated sample was from an undergraduate 
population. %F = percent of the sample that reported female. Standard deviations in parentheses. U = university community (but not necessarily specified as students); 
N = not specified; S = students; C = community, O = other
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11.3. Type of memory retrieval task

Memory was tested using different task formats including paired- 
associates (k = 6), free recall (k = 10), and recognition (k = 44). The 
type of memory task was a significant moderator of the size of the effect 
of reward on memory, Q(2) = 31.77, p < .001. The effect size for recall 
(M = 1.15, SE = 0.05, 95% CI = [0.30 – 1.38]) was larger than recog
nition (M = 0.41, SE = 0.05, 95% CI = [0.30 – 0.51], Q(1) = 29.45, 
p < .001), but recognition and paired-associates (M = 0.43, SE = 0.14, 
95% CI = [0.14 – 0.70) did not significantly differ in effect size, Q(1) 
= 0.02, p = .90.

When examining task-related moderators, we noted that point in
centives, word memoranda, and recall tasks led to larger effects of 
reward on memory than the comparison conditions. Given this, it was 
important to verify that these effects did not reflect repeated analysis of 
the same set of studies. Specifically, we ensured that the studies using 
point incentives were not exclusively the same studies using word 
stimuli and recall tasks. While all recall tasks involved word stimuli, six 
used point incentives and four monetary incentives. Further, the 
recognition studies included a mix of image and word stimuli, as well as 
points and monetary incentives. See Table 1 for this information.

12. Trial event timing-related moderators

12.1. Reward cue length

The duration of the reward cue was not a significant moderator of 
effect size, Q(1) = 1.21, p = .27. When reward cue length (k = 52) was 
included as a covariate, it did not explain any more of the variance in 
effect size between studies, Tau2 = 0.16, I2 = 88.65%, R2 analog 
= − 0.02, compared to leaving it out of the model.

12.2. Target length

The duration of the target stimulus was not a significant moderator of 
the effect size, Q(1) = 0.29, p = .59. When target length (k = 51) was 
included as a covariate in the regression model, it did not explain any 
more of the variance in effect size between studies, Tau2 = 0.16, I2 

= 88.81%, R2 analog = − 0.01, compared to leaving it out of the model.

12.3. Cue-target interval length

The amount of time between the offset of the reward cue and the 
onset of the target stimuli at encoding was not a significant moderator of 
the effect size, Q(1) = 0.40, p = .53. When cue-target interval length 
(k = 51) was included as a covariate in the regression model, it did not 
explain any more of the variance in effect size between studies, Tau2 

= 0.16, I2 = 88.81%, R2 analog = − 0.02, compared to leaving it out of 
the model.

12.4. Retention interval

The retention interval between encoding and retrieval was catego
rized into 3 groups to test for the effects of time and consolidation: 
immediate test (k = 31; M = 0.71, SE = 0.08, 95% CI = [0.56 – 0.86]), 
later same day as encoding (k = 5; M = 0.38, SE = 0.18, 95% CI = [0.02 
– 0.73]), and the next day (k = 20; M = 0.34, SE = 0.09, 95% CI = [0.16 
– 0.53]). Retention interval was a significant moderator of the effect 
size, Q(2) = 10.43, p = .005. The effect of reward on memory in studies 
that used an immediate retention interval did not significantly differ 
from that in studies using a same-day different session, as confirmed 
with overlapping CIs, Q(1) = 2.62, p = .11. There was a larger effect of 
reward on memory in studies that used immediate retrieval compared to 
next day retrieval, Q(1) = 8.65, p = .003. Studies with a later same-day, 
compared to next-day, retention intervals did not significantly differ and 
had overlapping CIs, Q(1) = 0.11, p = .74.

Fig. 2. Forest Plot of Standard Difference in Means and 95% Confidence Intervals 
for Each Included Memory Study. Note. The size of the boxes for each study is 
proportional to the weight of the study in relation to the pooled estimate 
(diamond). The prediction interval noted in the bottom line of the forest plot 
indicates how much the true effect size varies, in 95% of comparable studies, 
ranging from − 0.24–1.31.
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13. Cognitive control accuracy outcomes

13.1. Relation between reward anticipation and cognitive control 
accuracy

This analysis is based on 53 publications (70 studies), with Cohen’s 
d used as the measure of effect size. One publication (Bräutigam et al., 
2024) contributed two studies as well as two non-independent effect 
sizes. Specifically, in Brautigan et al. (2024), one study sample 
completed a Simon task and a Stroop task, while the second study 
sample completed a Simon task and a Flanker task. To account for this 
non-independence, effects were pooled (i.e., k = 68) when they re
flected the same task moderator across samples. Additional details about 
how these studies were handled when task type was a moderator are in 
the relevant section below. The overall mean effect size is d = 0.286 (see 
Fig. 4, forest plot diamond), a small to medium effect, with 95% CI 
= [0.16 – 0.41]. This mean effect size is significantly greater than zero, 
Z = 4.49, p < .001. There was significant between-study heterogeneity 
in the relation between reward and cognitive control accuracy, Q(67) 
= 975.38, p < .001, but a substantial proportion of variance in these 68 
studies reflects variance in true effects I2 = 93.1%, as opposed to sam
pling error (~7%). The prediction interval of how much the true effect 
size varies in 95% of comparable studies, ranged from − 0.72–1.29 (see 
Fig. 4, forest plot bottom line), Tau2 = 0.25.

13.2. Sensitivity analyses

To ensure that the effect size was not driven by one particular study 
and that the results were robust, we first examined the relative weight 
that each study was assigned in the random effects model. Study weights 
ranged from 1.23 to 1.57, indicating that no study was overweighted in 
the analysis and each contributed fairly. Second, to ensure the results 
were not skewed by one study’s particular effect size, we ran an iterative 
“one study removed” version of the model. Across these iterations, there 
were no significant changes to the overall mean effect size and all studies 
continued to have a p-value of < .001. This verified that the pattern of 

results was not driven by a single study’s effect size and ensured the 
results were robust.

13.3. Publication bias

We used a funnel plot to visualize the effect sizes of the 68 included 
cognitive control studies against standard errors as an indication of 
precision (see Fig. 5). Visual inspection of this funnel plot revealed 
asymmetry, signaling the possibility of publication bias. This asymmetry 
was particularly apparent for effect sizes from studies with smaller 
samples – the funnel plot indicates an unequal number of studies to the 
right of the mean compared to the left, and the effect size tended to be 
larger for studies with smaller sample sizes. The average sample size was 
N = 37.36 (median N = 30, range: 10–109 participants).

This asymmetry was confirmed using a trim and fill procedure. As 
noted, under the random effects model, the point estimate for the 
combined studies is 0.286 (95% CI = [0.16 – 0.41]; indicated by the 
white diamond in Fig. 5. The white circles represent the effect size for 
each individual study included in the meta-analysis. The trim and fill 
procedure imputed 19 possible missing effect sizes to the left of the mean 
(see Supplemental Materials Fig. 2 funnel plot). With the addition of the 
imputed studies, the point estimate was reduced to 0.035 (95% CI =
[− 0.09 – 0.17]; indicated by a black diamond in Supplemental Materials 
Fig. 2 funnel plot. Egger’s regression test of bias was significant (b =
6.65, SE = 1.54, t(66) = 4.31, p < .001).

14. Moderator effects on the relation between reward 
anticipation and cognitive control accuracy

There was significant heterogeneity in the effect size between 
studies, indicating that there might be important moderators influencing 
study effect sizes. We first describe our analyses testing for moderators 
related to differences in reward motivation manipulations, then our 
analyses testing for moderators related to differences in cognitive con
trol task structure, and finally our analyses testing for moderators 
related to trial event timing. See Table 4 for details on all the moderators 

Fig. 3. Funnel Plot of Standard Error by Standard Difference in Means for Each Included Memory Study. Note. The white diamond indicates the point estimate = 0.537 
(95% CI = [0.43 – 0.65]; and the circles indicate the effect sizes for individual memory studies included in the analysis.
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Fig. 4. Forest Plot of Standard Difference in Means and 95% Confidence Intervals for Included Cognitive Control Accuracy Studies. Note. The size of the boxes for each study 
is proportional to the weight of the study in relation to the pooled estimate. The diamond indicates the overall effect size estimate of across the meta-analysis 
cognitive control accuracy studies. The prediction interval noted in the bottom line of the forest plot is how much the true effect size varies, in 95% of compara
ble studies, ranges from − 0.72–1.29.
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used in the cognitive control analyses.

15. Reward-related moderators

15.1. Reward type

The comparison of primary (e.g., juice) and secondary (e.g., money) 
reward motivation as a moderator could not be conducted for cognitive 
control accuracy because only two studies used primary rewards. We did 
conduct a moderator analysis comparing secondary reward types of 
money versus points, and this was significant, Q(1) = 5.68, p = .02. The 
effect sizes for studies that used points as incentives (k = 16; M = − 0.15, 
SE = 0.03, 95% CI = [− 0.21 – − 0.08]) were significantly smaller and 
negative (i.e., higher points were associated with lower accuracy), 
compared to studies that used monetary incentives, which showed 
higher accuracy with greater incentive (k = 50; M = 0.26, SE = 0.02, 
95% CI = [0.22 – 0.29]); but note the discrepancy in the number of 
studies included in each of the two categories.

15.2. Reward amount

We created a reward amount moderator by calculating the difference 
between the high and low reward values of each study that used mon
etary incentives, and a separate variable for the difference between the 
high and low reward values for each study that used points as incentives. 
As in the memory analyses, in cases where multiple values were used, 
the middle of the range from the high and low values was chosen to 
calculate the difference, and monetary and point incentive differences 
were analyzed separately. When examining monetary reward (k = 36), 
reward amount was not a significant moderator of reward effect on 
cognitive control accuracy, Q(1) = 0.14, p = .71. Including reward 
amount as a moderator of the effect did not significantly explain any 
more of the variance in effect size between studies, Tau2 = 0.21, I2 

= 90.97%. R2 analog < .001. Turning to studies that used points 
(k = 13), the difference in reward amount was also not a significant 
moderator of the effect, Q(1) = 3.12, p = 0.08. Including it as a 

moderator of the effect did not significantly explain any more of the 
variance in effect size between studies, Tau2 = 0.26, I2 = 94.15%. R2 

analog = 0.21

15.3. Compensation

We planned to examine participant compensation as a moderator, 
comparing money to course credit. However, many studies did not 
specify what compensation was given and we could only identify four 
studies that specified using course credit as compensation, compared to 
identifying 47 that reported monetary compensation. Because of this 
large difference in the number of studies to compare, we could not carry 
out the proposed analysis testing for compensation type as a moderator.

15.4. Reward contingency

We planned to examine reward contingency as a moderator, 
comparing contingent (i.e., rewards related to cognitive control task 
performance) to incidental rewards (i.e., rewards are not contingent on 
performance in the task for which outcomes are examined, but received 
incidentally to task performance or earned via engagement in an unre
lated task). However, only two studies used incidental rewards, so this 
comparison could not be conducted.

15.5. Punishment for errors

Studies that included punishment for incorrect responses (k = 12; M 
= 0.16, SE = 0.04, 95% CI = [.07 – 0.26]) were compared to those that 
did not (k = 56; M = 0.16, SE = 0.02, 95% CI = [0.13 – 0.19]), but this 
was not a significant moderator of the effect of incentives on cognitive 
control accuracy Q(1) = 0.07, p = .80.

Fig. 5. Funnel Plot of Standard Error by Standard Difference in Means for Included Cognitive Control Accuracy Studies. Note. The white diamond indicates the point 
estimate = 0.286 (95% CI = [0.16 – 0.41]; the circles indicate the effect sizes for individual cognitive control accuracy studies included in the analysis.
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16. Cognitive control task-related moderators

16.1. Type of cognitive control task

Studies were categorized based on the type of cognitive control task 
participants performed. As noted above, one publication (Bräutigam 
et al., 2024) contributed two studies with two non-independent effect 
sizes (corresponding to two tasks performed by the same participants) 
within each study. To account for this non-independence, we first 
excluded effect sizes from the Simon task from these samples and ran the 
moderator analysis (see Fig. 6 top panel). We then repeated this analysis, 
including the Simon task but removing effect sizes from the participants’ 
other task (Stroop/Flanker; see Fig. 6 bottom panel).

There was only one study using an Anti-saccade task, two studies 
coded as using a Voluntary Switch task, and one using the Simon (after 
removing the two studies from Brautigam et al., 2024), so these 

categories were not included in this first analysis. Task type was a sig
nificant moderator of the effect of reward anticipation on cognitive 
control accuracy Q(6) = 23.22, p < .001. Effect sizes for AX-CPT (k = 5; 
M = 0.05, SE = 0.05, 95% CI = [− 0.04 – 0.14]), Discrimination (k = 4, 
M = 0.08, SE = 0.07, 95% CI = [− 0.05 – 0.21]), and Stroop (k = 12, M =
0.06, SE = 0.04, 95% CI = [− 0.02 – 0.13]) tasks were not significantly 
different from zero (Z ≤ 1.37, p≥.17).

Additionally, Flanker (k = 12; M = − 0.15, SE = 0.04, 95% CI =
[− 0.23 – − 0.08]), Go/No-Go (k = 4, M = 1.12, SE = 0.08, 95% CI =
[0.96 – 1.28]), Switch (k = 0.29, M = 0.30, SE = 0.04, 95% CI = [0.22 – 
0.36]), and Working Memory (k = 11, M = 0.51, SE = 0.05, 95% CI =
[0.42 – 0.60]), tasks all had effect sizes significantly different than zero, 
Z≥− 3.89, p < .001. Additionally, these effect sizes all significantly 
differed from each other, except Switch and Working Memory, Q(1) 
= 1.09, p = .30. Go/No-Go tasks had significantly larger effects sizes 
compared to other tasks confirmed with non-overlapping confidence 

Fig. 6. Plot of Pooled Standard Difference in Means and Prediction Interval for Each Included Cognitive Control Accuracy Study by Control Task Type. Note. CC_Task 
= cognitive control task. The top panel represents the analyses excluding the two Simon tasks from Brautigam et al., 2024, and the bottom panel represents the 
analysis excluding the Stroop and Flanker tasks from Brautigam et al., 2024. The black diamonds indicate the pooled estimate for each task separately, and the 
prediction interval is noted underneath each pooled estimate. Overall effect size estimate (white diamond) and predicted interval are noted for reference in the 
bottom two lines of the figure.
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intervals, but there were only four studies that used a Go/No-Go task. 
The pooled effect size for the Flanker task was negative, indicating that 
accuracy in this task was better overall for low/no reward compared to 
high reward conditions.

The same analysis was run again, but included effect sizes from the 
Simon tasks completed by the two samples in Brautigam et al., 2024
(and omission of effect sizes from these samples’ Stroop/Flanker tasks). 
Three studies total used the Simon task (k = 3, M = − 0.11, SE = 0.06, 
95% CI = [0.42 – 0.60]), and the point estimate was not significantly 
different from zero, Z = − 1.85, p = .06. After removing the Brautigan 
et al. (2024) Stroop and Flanker tasks, the point estimates for the 
remaining eleven Flanker studies (k = 11; M = − 0.11, SE = 0.04, 95% CI 
= [− 0.20 – − 0.03]) and remaining eleven Stroop studies (k = 11, M =
0.09, SE = 0.04, 95% CI = [0.09 – 0.18]) changed numerically. With the 
removal of the Brautigan et al. (2024) study, the point estimate for 
Stroop tasks was now significantly different from zero, Z = 2.17, 
p = .03. Simon and Stroop were not significantly different, Q(1) = 0.87, 
p = .35, nor were Simon and Flanker, Q(1) = 0.002, p = .97. All other 
differences remained the same in terms of statistical significance (see 
Fig. 6). As above, the Go/No-Go tasks had significantly larger pooled 
effect size compared to other tasks, as confirmed with non-overlapping 
confidence intervals, but there were only four studies that used a 
Go/No-Go task. The pooled effect size for the Flanker task was negative, 
indicating that accuracy was better overall for low/no reward compared 
to high reward conditions.

16.2. Reaction time deadline

Studies were categorized based on whether the reward was contin
gent on accurate performance (k = 18; M = 0.22, SE = 0.03, 95% CI =
[0.15 – 0.28]), or on both accuracy and speed (i.e., the presence of an RT 
deadline; k = 44; M = 0.20, SE = 0.02, 95% CI = [0.16 – 0.26]). RT 
deadline was not a significant moderator of the effect of reward on 
cognitive control accuracy, Q(1) = 0.65, p = .42.

17. Trial event timing-related moderators

17.1. Reward cue length

The duration of the reward cue was not a significant moderator of 
effect size, Q(1) = 0.29, p = .59. When reward cue length (k = 46) was 
included as a covariate, it did not explain any more of the variance in 
effect size between studies, Tau2 = 0.24, I2 = 93.05%. R2 analog 
= − 0.03, compared to leaving it out of the model.

17.2. Target length

The duration of the target stimulus was not a significant moderator of 
the effect size, Q(1) = 0.46, p = .50. When target length (k = 46) was 
included as a covariate in the regression model, it did not explain any 
more of the variance in effect size between studies, Tau2 = 0.23, I2 

= 92.73%, R2 analog = 0.01, compared to leaving it out of the model.

17.3. Cue-target interval length

The amount of time between the offset of the reward cue and the 
onset of the target stimuli at encoding was not a significant moderator of 
the effect size, Q(1) = 1.47, p = .23. When cue-target interval length 
(k = 46) was included as a covariate in the regression model, it did not 
explain any more of the variance in effect size between studies, Tau2 

= 0.23, I2 = 92.83%, R2 analog = 0.02, compared to leaving it out of the 
model.

18. Cognitive control reaction time outcomes

18.1. Relation between reward anticipation and cognitive control RT

This analysis is based on 54 publications (74 studies), with Cohen’s 
d used as the measure of effect size. One publication (Bräutigam et al., 
2024) contributed two studies with two non-independent effect sizes 
each. As described above in the Cognitive Control Accuracy Outcomes 
section, the two studies’ participant samples completed both a Simon 
task and a Stroop or Flanker task. To account for this non-independence, 
effects were pooled (i.e., k = 72) when they reflected the same task 
moderator across samples. The details for the task moderator analysis 
are described in the relevant section below. The overall mean effect size 
is d = 0.807 (see Fig. 8 forest plot diamond), a large effect, with 95% CI 
= [0.68 – 0.94]. This mean effect size is significantly greater than zero, 
Z = 12.08, p < .001. There was significant between-study heterogeneity 
in the relation between reward and cognitive control accuracy, Q(71) 
= 945.51, p < .001, but a substantial proportion of variance in these 72 
studies reflects variance in true effects I2 = 92%, as opposed to sampling 
error (8%). The prediction interval of how much the true effect size 
varies, in 95% of comparable studies, ranges from − 0.27–1.88 (see 
forest plot bottom line), Tau2 = 0.29.

18.2. Sensitivity analyses

To ensure that the effect size was not driven by one particular study 
and that the results were robust, we first examined the relative weight 
that each study was assigned in the random effects model. Study weights 
ranged from 1.03 to 1.52, indicating that no study was overweighted in 
the analysis and each contributed fairly. Second, to ensure the results 
were not skewed by one study’s particular effect size, we ran an iterative 
“one study removed” version of the model. Across these iterations, there 
were no significant changes to the overall mean effect size and all studies 
continued to have a p-value of < .001. This verified that the pattern of 
results was not driven by a single study’s effect size and ensured the 
results were robust Fig. 7

18.3. Publication bias

We used a funnel plot to visualize the effect sizes of the 72 included 
cognitive control studies against standard errors as an indication of 
precision (Fig. 8). Visual inspection of this funnel plot revealed asym
metry, signaling the possibility of publication bias. This asymmetry was 
particularly apparent for effect sizes from studies with smaller samples – 
the funnel plot indicates an unequal number of studies to the right of the 
mean compared to the left, and the effect size tended to be larger for 
studies with smaller sample sizes. The average sample size was 
N = 34.51 (median N = 28.5, range: 10–109 participants).

This asymmetry was confirmed using a trim and fill procedure. As 
noted, under the random effects model, the point estimate for the 
combined studies is 0.807 (95% CI = [0.68 – 0.94]; indicated by the 
white diamond and open circles in the Fig. 9 funnel plot). The trim and 
fill procedure imputed 23 possible missing effect sizes to the left of the 
mean (see Supplemental Material Fig. 5 black filled circles in the funnel 
plot); with this addition, the imputed point estimate was 0.472 (95% CI 
= [0.33 – 0.61]. Egger’s regression test of bias was significant b = 5.30, 
SE = 1.14, t(70) = 4.64, p < .001.

19. Moderator effects on the relation between reward 
anticipation and cognitive control RT

There was significant heterogeneity in the effect size between 
studies, indicating that there might be important moderators influencing 
study effect sizes. Following a similar organization to our results for 
cognitive control accuracy above, we first describe our analyses testing 
for moderators related to differences in reward motivation 
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Fig. 7. Forest Plot of Standard Difference in Means and 95% Confidence Intervals for each included Cognitive Control Reaction Time Studies. Note. The size of the boxes for 
each study is proportional to the weight of the study in relation to the pooled estimate. The diamond indicates the overall effect size estimate of across the meta- 
analysis cognitive control accuracy studies. The prediction interval, noted in the bottom line of the forest plot indicates how much the true effect size varies in 95% of 
comparable studies, ranged from − 0.27–1.88.
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manipulations, then our analyses testing for moderators related to dif
ferences in cognitive control task structure, then our analyses testing for 
moderators related to trial event timing.

20. Reward-related moderators

20.1. Reward type

The use of primary (e.g., juice) versus secondary (e.g., money) 
reward as a moderator revealed a significant effect, Q(1) = .59, p = .01, 
with primary rewards leading to a larger effect than secondary rewards. 
However, this finding should be interpreted with caution, given the 
large discrepancy in the number of studies included in each of the two 
reward type conditions (primary rewards: k = 3, M = 1.47, SE = 0.13, 
95% CI = [1.21 – 1.73]; secondary rewards: k = 68, (M = 0.60, SE =
0.02, 95% CI = [0.57 – 0.64]). We also conducted a moderator analysis 
comparing secondary reward types of money versus points, but this was 
not significant, Q(1) = 1.96, p = .27. The effect sizes for studies that 
used points as incentives (k = 18; M = 0.75; SE = 0.04, 95% CI = [0.69 – 
0.82]) did not differ overall from studies that used monetary incentives 
(k = 50; M = 0.54, SE = 0.02, 95% CI = [0.50 – 0.59]). Again, the 
discrepancy in the number of studies included in each of the two cate
gories should be considered).

20.2. Reward amount

We created a reward amount moderator by calculating the difference 
between the high and low reward values of each study that used mon
etary incentives, and a separate variable for the difference between the 
high and low reward values for each study that used points as incentives. 
As for the previous two outcomes, in cases where multiple reward values 
were used, the middle of the range from the high and low values was 
chosen to calculate the difference, and monetary and point incentive 
differences were analyzed separately. In studies that used monetary 
reward (k = 35), the differences in reward amount was a significant 
moderator Q(1) = 4.56, p = .03, such that the reward effect on cognitive 

control reaction time was larger with a smaller reward amount differ
ence. However, it is important to note that the majority of included 
studies used small differences between reward values (see Fig. 9). In 
studies that used points (k = 15), the difference in reward amount was 
not a significant moderator of the effect, Q(1) = 1.27, p = .26, and 
including the reward amount as a moderator of the effect did not 
significantly explain any more of the variance in effect size between 
studies, Tau2 = 0.20, I2 = 90.57%. R2 analog = 0.07.

20.3. Compensation

We planned to examine participant compensation as a moderator, 
comparing money to course credit. However, many studies did not 
specify what compensation was given. Additionally, we could only 
identify 3 studies that specified using course credit as compensation, in 
contrast to 65 identifiable studies using monetary compensation. 
Because of this large difference in study numbers, we could not carry out 
the proposed analysis testing for compensation type as a moderator.

20.4. Reward contingency

We planned to examine reward contingency as a moderator, 
comparing contingent to incidental rewards. However, only two studies 
used incidental rewards, so this comparison could not be conducted.

20.5. Punishment for errors

Studies that included punishment for incorrect responses (k = 12; M 
= 0.71, SE = 0.05, 95% CI = [0.62 – 0.80]) were compared to those that 
did not (k = 60; M = 0.61, SE = 0.02, 95% CI = [0.57 –0.65]), but this 
was not a significant moderator of the effect of incentives on cognitive 
control RT Q(1) = 1.07, p = .31.

Fig. 8. Funnel Plot of Standard Error by Standard Difference in Means for Each Included Cognitive Control Reaction Time Studies. Note. The white diamond indicates the 
point estimate = 0.807 (95% CI = [0.68 – 0.94]; the circles indicate the effect sizes for individual cognitive control accuracy studies included in the analysis.
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21. Cognitive control task-related moderators

21.1. Type of cognitive control task

Studies were categorized based on the type of cognitive control task 
participants performed. As noted above, one publication (Bräutigam 
et al., 2024) contributed two studies as well as two non-independent 
effect sizes within each study. To account for this non-independence, 
we first excluded the Simon task effect sizes from Brautigam et al. 
(2024) and ran the moderator analysis (see Fig. 6 top panel). We then 
repeated this analysis, now including the Simon task effect sizes from 
Brautigam et al. (2024) but removing these samples’ Stroop/Flanker 
task effect sizes (see Fig. 6 bottom panel).

As when examining cognitive control RT as an outcome, there were 
only two studies coded as Anti-saccade, two as Voluntary Switch, one 
study coded as Stop-Signal, and one that used the Simon task (after 
excluding the two from Brautigam et al., 2024) so these three categories 
were not included in this analysis.

Task type was a significant moderator of the effect of reward antic
ipation on cognitive control RT, Q(6) = 21.02, p = .01, indicating that 
the effect of reward on cognitive control RT did varied with the type of 
task that was used. AX-CPT (k = 6; M = 0.59, SE = 0.05, 95% CI = [0.49 
– 0.68]), Discrimination (k = 3, M = 0.57, SE =.08, 95% CI = [0.41 – 
0.73], Flanker (k = 12; M = 0.65, SE = 0.04, 95% CI = [0.56 – 0.73]), 
Go/No-Go (k = 4; M = 1.16, SE = 0.09, 95% CI = [0.99 – 1.32]), Stroop 
(k = 15; M = 0.86, SE = 0.04, 95% CI = [0.78 –.94]), Switch (k = 18; M 
= 0.70, SE = 0.04, 95% CI = [0.63 – 0.77]), Working Memory (k = 8; M 
= − 0.07, SE = 0.06, 95% CI = [− 0.18 – 0.05]). The main differences 
were that Working Memory tasks had significantly smaller effects of 
reward on cognitive control RT compared to all other tasks, Q(1) ≥ 3.99, 
p ≤ 0.05, and the point estimate for Working Memory did not signifi
cantly differ from zero, Z = − 1.17, p = .24. The effects for Go/No-Go 
and Stroop were larger than the other tasks, confirmed by non- 

overlapping confidence intervals (see Fig. 10 top panel for the pooled 
effects sizes by task type).

The same analysis was run again, but including the Simon tasks and 
omitting the Stroop/Flanker tasks from Brautigam et al. (2024). There 
was still a significant effect of task type, Q(6) = 21.66, p = .003. The 
point estimate for Simon (k = 3, M =.53, SE = 0.06, 95% CI [0.41 – 
0.65], was significantly greater than zero, Z = 8.65, p < .001. After 
removing two studies the Flanker (k = 11; M = 0.62, SE = 0.05, 95% CI 
= [0.53 – 0.71]) and Stroop (k = 14; M = 0.86, SE = 0.04, 95% CI =
[0.77 – 0.94]) values changes slightly. The main difference reported 
above remained the same – Working Memory tasks had significantly 
smaller effects of reward on cognitive control RT compared to all other 
tasks, and these effects were not significantly different than zero, 
Z = − 1.17, p = .24. The effects for Go/No-Go and Stroop were larger 
than the other tasks confirmed by non-overlapping confidence intervals 
(see Fig. 10 bottom panel for the pooled effects sizes by task type).

21.2. Reaction time deadline

Studies were categorized based on whether the reward was contin
gent on accurate performance (k = 15; M = 0.34, SE = 0.04, 95% CI =
[0.27 –.41]), or on both accuracy and speed (i.e., the presence of an RT 
deadline; k = 51; M = 0.78, SE = 0.02, 95% CI = [0.73 – 0.82]). RT 
deadline was a significant moderator of the effect of reward on cognitive 
control RT, Q(1) = 13.62, p < .001, with larger reward effects in studies 
where an RT deadline was present versus absent.

22. Trial event timing-related moderators

22.1. Reward cue length

The duration of the reward cue was not a significant moderator of 
effect size, Q(1) = 0.05, p = .83. When reward cue length (k = 49) was 

Fig. 9. Regression of the Standard Difference in Means on Difference in Monetary Reward Value. Note. The bold black line represents the regression line. Gray thinner 
lines represent the prediction interval line. Circles represent individual studies proportional to the weight of the study.
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included as a covariate, it did not explain any more of the variance in 
effect size between studies, Tau2 = 0.29, I2 = 92.83%, R2 analog 
= − 0.03, compared to leaving it out of the model.

22.2. Target length

The duration of the target stimulus was not a significant moderator of 
the effect size, Q(1) = 0.17, p = .66. When target length (k = 49) was 
included as a covariate in the regression model, it did not explain any 
more of the variance in effect size between studies, Tau2 = 0.29, I2 

= 92.83%, R2 analog = 0.01, compared to leaving it out of the model.

22.3. Cue-Target Interval Length

The amount of time between the offset of the reward cue and the 
onset of the target stimuli at encoding was not a significant moderator of 
the effect size, Q(1) = 2.11, p = .14. When cue-target interval length 
(k = 49) was included as a covariate in the regression model, it did not 
explain any more of the variance in effect size between studies, Tau2 

= 0.29, I2 = 92.83%, R2 analog = − 0.03, compared to leaving it out of 
the model.

Fig. 10. Plot of Pooled Standard Difference in Means and Prediction Interval for Each Included Cognitive Control RT Study by Cognitive Control Task. Note. CC_Task 
= cognitive control task. The top panel represents the analyses excluding the two Simon tasks and the bottom panel represents the analysis excluding the Stroop and 
Flanker tasks from Brautigam et al., 2024. The black diamonds indicate the pooled estimate for each task separately, and the prediction interval is noted underneath 
each pooled estimate. Overall effect size estimate (white diamond) and predicted interval are noted for reference in the bottom two lines of the figure.
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23. Comparing reward anticipation effects on memory versus 
cognitive control

To compare the magnitude of the reward effect in memory and 
cognitive control domains, we ran two analyses combining across 
memory effect sizes and cognitive control effect sizes (separately for 
cognitive control accuracy and RT) and compared between them using 
outcome (cognitive control accuracy or RT versus memory accuracy) as 
a moderator. Due to the non-independence of our cognitive control ac
curacy and cognitive control RT outcomes, we did not compare effect 
sizes across all three performance outcomes in the same analysis.

23.1. Memory accuracy versus cognitive control accuracy

To determine whether reward had a larger effect on memory accu
racy (k = 58) or cognitive control accuracy (k = 68), we created a 
moderator variable that categorized study effect sizes based on outcome 
(see Figure 12). This moderator was significant, Q(1) = 8.88, p = .003, 
I2 = 991.88%. Reward effects were larger for memory accuracy 
(Cohen’s d = 0.53, SE = 0.06, 95% CI = [.41 –.68]) than for cognitive 
control accuracy (Cohen’s d = 0.28, SE = 0.06, 95% CI = [.17 –.40]).

23.2. Memory accuracy versus cognitive control RT

To determine whether reward had a larger effect on memory accu
racy (k = 58) or cognitive control RT (k = 72), we created a moderator 
variable that categorized study effect sizes based on outcome (see 
Figure 12). This moderator was significant, Q(1) = 10.79, p < .001, I2 

= 90.97%. Reward effects were larger for cognitive control RT (Cohen’s 
d = 0.81, SE = 0.06, 95% CI = [0.71 – 0.93]) than for memory accuracy 
(Cohen’s d = 0.54, SE = 0.06, 95% CI = [0.41 – 0.69]).

24. Discussion

The present meta-analysis examined the effects of reward anticipa
tion on cognitive performance in two domains: cognitive control and 
episodic memory encoding. We focused on experimental paradigms that 
utilized the basic Monetary-Incentive-Delay (MID) paradigm structure, 
whereby a reward cue is presented prior to a target stimulus for pro
cessing on each trial. fMRI methods have demonstrated that this task 
manipulation leads to anticipatory activity in brain regions considered 
part of the mesolimbic dopamine system (Knutson et al., 2001; Knutson 
et al., 2000), potentially modulating activity in downstream brain areas 
such as prefrontal cortex and hippocampus, leading to reward-enhanced 
cognitive performance. While the basic structure of the MID paradigm 
has been widely used to study both cognitive control and memory 
encoding in relation to reward manipulations, many aspects of experi
mental design have varied between individual studies, potentially 
moderating results. It is also an open question whether reward antici
pation might modulate outcomes differently across cognitive control 
and memory domains, given that the behavioral outputs for cognitive 
control and memory studies vary in their temporal proximity to the 
reward cue and putative dopaminergic activity elicited in response. 
Moreover, reward incentives for cognitive control performance are often 
contingent on both response accuracy and reaction time, while reward 
incentives for memory performance are typically based on accuracy 
alone.

We conducted meta-analyses on three outcomes: cognitive control 
accuracy (k = 70), cognitive control reaction time (k = 74), and mem
ory accuracy (k = 58). We observed that reward anticipation was 
associated with improved cognitive performance across all three out
comes, in terms of increased accuracy for both cognitive control and 
memory performance, as well as decreased reaction times (i.e., 
increased speed) during cognitive control performance. However, the 
magnitude of the reward effect varied across the three examined out
comes, with the largest effect on cognitive control reaction times 

(Cohen’s d = 0.807), followed by memory accuracy (Cohen’s d =
0.537), and the smallest effect on cognitive control accuracy (Cohen’s 
d = 0.286). We also observed significant effects of several, but not all, of 
the moderators examined, suggesting that variability in study design can 
influence the magnitude of reward anticipation effects on cognitive 
performance. We first discuss comparisons of reward anticipation effects 
across cognitive domains and outcomes, then discuss contributions of 
moderators for memory and cognitive control outcomes separately.

25. Examining the effect of reward across cognitive domains and 
on speed versus accuracy

One novel contribution of the present study is its systematic exami
nation and comparison of reward anticipation effects on performance 
outcomes across two cognitive domains (i.e., cognitive control and 
memory). We speculated that the amplitude of the reward effect might 
be larger in the cognitive control versus memory domain for two main 
reasons: 1) the temporal proximity between reward cue and behavioral 
response is, by design, typically much closer for cognitive control than 
memory paradigms; 2) cognitive control performance is typically eval
uated on the basis of both response accuracy and speed, and thus out
comes might be shaped by dopaminergic enhancement of motoric vigor 
(Beierholm et al., 2013; Niv et al., 2007) to a greater extent than 
memory performance, which is typically evaluated after a longer tem
poral interval and on the basis of accuracy only. We conducted two 
analyses with outcome type as a moderator, comparing memory accu
racy to cognitive control accuracy, as well as comparing memory ac
curacy to cognitive control RT. These analyses revealed that the effect of 
reward on cognitive control accuracy was significantly smaller than its 
effect on memory accuracy, and the effect of reward on memory accu
racy was significantly smaller than the effect on cognitive control RT. 
While cognitive control accuracy and RT outcomes were not directly 
compared in the present meta-analysis due to their non-independence, it 
can be inferred that reward had a larger effect on cognitive control RTs 
(i.e., speeding) than on cognitive control accuracy, with the amplitude 
of the reward effect on memory accuracy falling between the two (see 
Fig. 11). While RT is less frequently examined as a dimension of memory 
performance, prior work suggests that response speed at retrieval might 
relate to memory strength and differentiate recollection- and 
familiarity-based responses, with lower RTs for recollection (Gimbel and 

Fig. 11. Plot of Pooled Standard Difference in Means and Prediction Interval for 
each included Cognitive Control Accuracy, Cognitive Control Reaction Time, and 
Memory Accuracy Study Included in the Analysis. Note. Domain = the dependent 
variable; CC_ACC = cognitive control accuracy studies; CC_RT = cognitive 
control reaction time studies; MEM = memory accuracy studies. The black di
amonds indicate the pooled estimate for each outcome separately, and the 
prediction interval is noted underneath each pooled estimate. The overall 
prediction interval across the three outcomes is noted for reference in the 
bottom line of the figure.
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Brewer, 2011).
Interestingly, in the cognitive control studies that included both ac

curacy and RT outcomes in the current meta-analysis (k = 61),2 we 
observed a significant and numerically positive correlation in reward- 
related effects on accuracy and RT (r(61) = .40, p = .002). This sug
gests that on a study-by-study basis, reward-related improvements in 
accuracy during cognitive control performance tended to be positively 
associated with reward-related response speeding (but note that 
between-study differences that may have influenced this are discussed 
further in the section on task type as a moderator). This finding is 
intriguing given that, as dimensions of cognitive performance more 
generally, speed and accuracy are typically at odds with one another; 
this leads to the speed-accuracy tradeoff whereby accuracy declines as 
speed increases (van Veen et al., 2008). Our results revealed that while 
reward had a larger effect on response speed than on accuracy in 
cognitive control, it was associated with benefits to both dimensions of 
performance on a within-study basis. Computational work suggests that 
simultaneous improvements in both cognitive speed and accuracy as a 
function of reward reflect increased effort expended, in response to 
increasing benefit of the prospective reward – hence “breaking” the 
speed-accuracy tradeoff. Prior evidence is consistent with the idea that 
increased effort mobilization with reward might be allocated towards 
improvements in speed versus accuracy. Dambacher et al. (Dambacher 
et al., 2011) examined the effects of different monetary incentive 
payoff schemes emphasizing speed versus accuracy on cognitive per
formance and reported that an emphasis on speed over accuracy 
improved performance to a greater extent than the reverse, potentially 
because focusing on both speed and accuracy increased the complexity 
of the task and identification of an optimal strategy. More recent work 
(Leng et al., 2021) has used drift-diffusion modeling to examine how 
reward influences cognitive control and demonstrated that rewards 
increased the drift rate, leading to increases in speed while maintaining 
stable accuracy. In general, reward seems to increase the speed of 
cognitive and motor responses, both in paradigms where rewards are 
contingent on responding before a time cutoff as well as in paradigms in 
which they are not. In the present meta-analysis, we did observe sig
nificant moderation of reward effects on cognitive control RTs by use of 
a reaction time deadline – while reward was associated with response 
speeding across all RT outcomes studied, its effect was amplified in 
studies where reward receipt was contingent on both speed and accu
racy. While this moderation arguably reflects adjustment of perfor
mance to maximize reward, the robust reward effect on RT observed 
globally is consistent with proposals that rewards might promote speed 
as a general principle through enhanced dopaminergic activity and 
response vigor (Niv, 2007) and that, in turn, enhanced response speed 
might help maximize reward yield by increasing the rate of reward 
uptake per unit time (Otto and Daw, 2019; Ritz et al., 2022).

Investigations of other potential enhancements to cognitive perfor
mance and the extent to which such enhancements manifest in terms of 
improved accuracy versus speed might provide further insights into the 
effects of reward on cognitive control observed in the present analysis. 
For example, a meta-analysis of exercise-related benefits to cognitive 
control (McMorris and Hale, 2012) revealed that such benefits might 
primarily manifest through increases in speed rather than accuracy. 
McMorris and Hale (2012) suggested that this pattern might be due to 
one of two possibilities. The first possibility is simple and attributes the 
greater benefit of exercise to speed versus accuracy to use the relatively 
simple cognitive tasks and the emergence of ceiling effects. The second 

possibility is more complex, suggesting that exercise-induced enhance
ments in catecholamine neurotransmitter activity should increase speed 
but also neural noise, hindering improvements in accuracy. The pres
ence of a significant positive effect of reward on cognitive control ac
curacy in our meta-analysis argues against the idea that accuracy was 
already at ceiling under baseline conditions. However, like McMorris 
and Hale (McMorris and Hale, 2012), the cognitive control studies 
included in the present meta-analysis employed relatively simple tasks 
in which accuracy may have already been strong at baseline, allowing 
for larger reward effects in the RT dimension. Indeed, our moderator 
analyses indicated that the effect size of reward effects on accuracy in 
studies that employed an AX-CPT, Discrimination or Stroop task were 
not significantly different from zero. While McMorris and Hale 
(McMorris and Hale, 2012) did not distinguish between potential con
tributions of dopamine and norepinephrine in their catecholamine ac
count, it is possible that activity of both neurotransmitters may be 
enhanced during motivated cognitive control performance, given prior 
evidence that dopamine is critically implicated in reward processing and 
that norepinephrine activity has been associated with motor actions 
such as those typically executed during the study of controlled perfor
mance. We thus suggest that both of the possibilities proposed by 
McMorris and Hale in the context of exercise-related changes in cogni
tion, could serve as candidate pathways by which reward might enhance 
speeding to a greater extent than accuracy in the cognitive control 
studies included in the current meta-analysis. Additional research will 
be required to gain a comprehensive understanding of the biological 
mechanisms underlying these behavioral effects.

As a final consideration of our examination of reward effects on ac
curacy and RT, we note that we examined these as separate outcomes in 
our meta-analysis. This approach was motivated by our interest in 
comparing reward effects across outcomes and our prediction that 
reward might specifically enhance response speed (reflecting dopami
nergic modulation of motoric vigor). However, we recognize that with 
this approach, we examined reward effects on each dimension of per
formance (accuracy or RT) without accounting for the other dimension. 
Future meta-analyses could integrate accuracy and RT outcomes using 
composite metrics (such as inverse efficiency scores or balanced inte
gration scores; Liesefeld and Janczyk, 2019) or utilize multivariate 
meta-analysis (Becker, 2000) to characterize reward effects on perfor
mance success across dimensions of both accuracy and speed.

26. Examining reward effects on memory encoding and the role 
of moderators

The meta-analysis examining reward anticipation on memory accu
racy outcomes was conducted with 58 studies (from 43 publications) 
and revealed a medium effect, Cohen’s d = 0.537. While there was 
between-study variance, a large portion of this reflected the true effect 
size rather than sampling error. To examine sources of the variability, 
we assessed the influence of multiple moderators related to experi
mental differences in task design in modulating the effect of reward on 
memory encoding outcomes. We were interested in three key categories 
of moderators: differences associated with reward motivation, differ
ences associated with aspects of the memory task at both encoding and 
retrieval stages, and differences relating to the temporal variability of 
trial events. We will discuss these moderators in this respective order 
below.

First, we were interested in comparing the effects of different types of 
reward. We intended to examine effects of primary versus secondary 
rewards, but no memory studies included in the meta-analysis utilized 
primary rewards. When comparing different types of secondary rewards, 
we found that points led to larger effects of reward on memory than 
monetary reward. We further observed that the relative reward amount 
difference between the high and low/no reward values for either points 
or monetary rewards did not significantly moderate the effect. The 
finding that points were associated with larger reward effect sizes on 

5 This omits three studies that reported effect sizes for inverse efficiency 
scores, which are a composite measure of accuracy and RT. Because effect sizes 
for raw accuracy and RT outcomes were not available for these studies, we 
elected to include the same inverse efficiency score effect size for both accuracy 
and RT meta-analyses, but omitted them from this correlation, given its goal of 
examining similarities vs. differences in reward effects on accuracy and RT.
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memory encoding is interesting but also unexpected, as many of the 
included studies using points did not offer a bonus based on the number 
of points accumulated for accurate memory performance. In contrast, in 
most of the included studies using monetary rewards, participants 
earned a bonus beyond compensation for participation, making rewards 
in such studies theoretically more salient and meaningful (see Table 3). 
Despite this difference, points appeared to be a stronger incentive than 
monetary rewards in this type of paradigm, although performance bonus 
was not assessed as a moderator. Related to this, comparing money and 
course credit as compensation for study participation did not reveal 
significant moderation of the effect. This was also surprising, given prior 
empirical work that specifically probed this question, reporting that 
reward effects on memory emerged when participants were offered a 
monetary bonus for memory performance coupled with monetary pay
ment for participation, but not when the monetary bonus was coupled 
with course credit as compensation for participation (Bowen and 
Kensinger, 2017). Only a small number of studies (k = 5) employed a 
punishment for incorrect responses at encoding, and this did not emerge 
as a significant moderator. In studies employing a recognition memory 
test, we also examined whether use of a false alarm penalty at retrieval 
served as a moderator. Such penalties are employed to reduce liberal 
response bias and prevent participants from exclusively responding 
“old” to each stimulus, as doing so in the absence of penalties for false 
alarms would result in earning all possible rewards. Employing a false 
alarm penalty was a significant moderator and was associated with a 
larger effect of reward anticipation on memory than that observed in 
studies that did not include such a penalty. It may be the case that in 
studies employing such penalties, participants are much more cautious 
in making “old” judgments, and thus only make an “old” response to 
items when they are highly confident in their decision. This could result 
in a stronger effect of reward on memory performance than when no 
false alarm penalty is present and participants are less concerned about 
incorrect responding.

We predicted that reward contingency would be a significant 
moderator of motivational influences on memory performance. In the 
memory studies included in this meta-analysis, reward-contingent 
studies heavily overlapped with studies that used an intentional 
encoding paradigm; thus, conducting these as separate moderator ana
lyses was somewhat redundant and yielded consistent patterns of re
sults. Rewards had a larger effect on memory when they were 
performance-contingent and when participants were aware at the time 
of encoding that their memory for presented stimuli would be tested. 
These findings seem intuitive, but for the most part, the underlying 
mechanisms have not been examined directly in prior studies. It is 
possible that contingent rewards and intentional encoding increase 
attentional control to memoranda, or encourage the use of more effec
tive encoding strategies, relative to incidental rewards and encoding; 
such differences during encoding could account for the memory benefit 
observed here. It should be noted that a larger proportion of studies used 
reward-contingent (k = 49) and intentional encoding (k = 47) designs, 
in comparison to those using incidental reward (k = 11) and incidental 
memory encoding (k = 11). The field would benefit from more studies 
that use incidental conditions.

In studies of motivated memory, a variety of memoranda have been 
used, including word and picture stimuli, which might vary in memo
rability (Oates and Reder, 2011). We observed stimulus type to be a 
significant moderator of reward anticipation effects on memory accu
racy. Studies using word stimuli, compared to images, were associated 
with larger benefits of rewards on memory performance. Reward effects 
on studies using a mixture of stimulus types did not significantly differ 
from reward effects on studies using image stimuli or word stimuli 
alone, but included studies using a mixture of stimuli were relatively few 
in number (k = 5) and may not serve as a reliable comparison category. 
Reward anticipation may influence memory encoding differently for 
words and images because of systematic task design differences in 
studies that employ these stimuli. Further, studies using word stimuli 

and recall tests often use study-test blocks where stimulus encoding is 
immediately followed by a memory test. When testing for retention in
terval as a possible moderator, we indeed found that studies that used an 
immediate or same-day retrieval test had larger reward effect sizes, 
compared to those that included an overnight retention interval. The 
finding that rewards have a bigger effect on same-day versus next-day 
memory is surprising, given that next-day memory tests allow consoli
dation processes to unfold, and empirical work examining motivated 
memory with same-day versus subsequent-day retrieval has suggested 
enhanced reward effects at overnight intervals or longer (Murayama and 
Kitagami, 2014; Spaniol et al., 2014). We also observed that the type of 
memory retrieval task was a significant moderator, with studies using 
recall tasks showing larger effect sizes than studies using recognition 
and paired-associates tasks (the effect sizes of which did not significantly 
differ from one another). A second possibility that could potentially 
account for moderation of reward effects on memory encoding by words 
versus images is that these two types of stimuli might elicit different 
types of encoding strategies. Specifically, processing word versus image 
stimuli during a motivated memory paradigm might elicit more se
mantic processing that is cognitively effortful in nature. Such a strategy 
difference might engage different brain regions and lead to dopami
nergic modulation of the hippocampus in different ways. Specifically, 
increased effort for semantic processing of word stimuli might be asso
ciated with more activity in frontal and temporal lobe regions linked to 
control and semantic processing functions, respectively. We speculate 
that in such a situation, prefrontal cortex regions supporting controlled 
processing might serve as the primary target of mesolimbic dopamine, as 
opposed to the hippocampus serving as a primary target of dopamine, 
whereby reward-related benefits to memory might be relatively auto
matic. An empirical investigation characterizing brain activity during a 
rewarded memory task using word stimuli reported reward-enhanced 
fronto-temporal engagement, which was argued to indicate semantic 
processing supporting the selective encoding of high-value words 
(Cohen et al., 2014). Future work testing for potential differences in 
encoding strategies and associated brain activity during motivated 
memory encoding of different kinds of stimuli could help clarify the 
extent to which differing pathways are potentially relied upon across 
encoding contexts.

In our moderator analyses, use of points rewards, recall tasks, and 
word memoranda were all associated with larger effects of reward on 
memory than their respective comparison conditions, so it was impor
tant to verify that these findings were not the product of the same set of 
studies being analyzed repeatedly. Specifically, we ensured that the 
studies using points rewards were not exclusively the same studies using 
recall tasks and word stimuli. While all recall tasks used word stimuli, 9 
out of 25 memory studies in our meta-analysis using word stimuli 
employed recall tests, six of the studies using recall tests employed point 
incentives and four employed monetary incentives. Further, studies that 
used recognition tests at retrieval varied in their use of word and image 
stimuli as well as in their use of points and monetary incentives. See 
Table 3 for this information. While this examination verified that these 
aspects of task design were not always confounded, certain aspects of 
experimental design can co-occur somewhat idiosyncratically (i.e., 
when research groups tend to use a similar combination of design ele
ments in successive studies). Given this tendency, effects of individual 
moderators in the present meta-analysis should be interpreted with 
caution.

Of particular interest was whether the temporal variability of trial 
events would moderate reward effects on memory encoding. Investiga
tion of event timing was motivated by past evidence that neural re
sponses to reward anticipation cues unfold over time and that such 
timing may have consequences for encoding of subsequent memoranda 
(Stanek et al., 2019). We examined duration of reward cue, duration of 
cue-target interval, and duration of target stimulus, but none of these 
significantly moderated the effect of reward anticipation on memory. 
We discuss these null effects in more depth following discussion of 
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Table 3 
Moderator Variables used in Memory Studies Included in the Analysis.

First author and 
publication year

Exp. Cohen's 
d

SE Secondary 
Reward 
Type

Reward 
Difference

False 
Alarm 
Penalty

Compensation Reward 
Contingent

Punishment 
at Encoding

Memory 
Type

Memoranda Memory 
Task

Reward 
Cue 
length 
(ms)

Target 
length 
(ms)

Cue- 
Target 
length 
(ms)

Retention 
interval

Adcock et al., 
2006

– 0.618 0.244 money $4.90 yes money contingent no Intentional images Recognition 1000 2000 4500 next day

Anderson, 2016 3.1 0.086 0.101 money $0.10 no – contingent no Intentional images Recognition 3000 3000 0 immediate
Anquillare and 

Selmeczy, 
2023

– 0.198 0.083 points 9.5 Yes credit contingent no intentional images Recognition 1000 1000 0 immediate

Bennion et al., 
2016

– 0.401 0.095 both – no – contingent no Both images Recognition 1000 4000 0 later same 
day

Bialleck et al., 
2011

– 0.497 0.212 money €0.39 no money non- 
contingent

no Incidental images Recognition 1500 2500 8200 immediate

Bowen and 
Kensinger, 
2017

1 0.488 0.124 money $0.24 yes – contingent no Intentional images Recognition – – – later same 
day

​ 2 0.212 0.163 points 4 yes credit contingent no Intentional images Recognition – – – later same 
day

Bowen et al., 
2020

– 0.469 0.204 money $4.99 yes money contingent no Intentional images Recognition 1000 2000 500 next day

Bowen et al., 
2023

– 0.174 0.099 money $0.74 yes money contingent no Intentional images Recognition 1500 1500 0 immediate

Bunzeck et al., 
2010

2 0.895 0.229 money – no money non- 
contingent

no Incidental images Recognition 500 1000 4750 next day

Callan and  
Schweighofer, 
2008

– 0.137 0.201 money – – money contingent yes Intentional words Recall 6000 6000 0 immediate

Cohen, 2015 2 2.142 0.314 points 9 – money contingent no Intentional words Recall 2000 3500 4875 immediate
​ 4.2 1.063 0.148 points 9 – money contingent no Intentional words Recall 1000 2500 500 immediate
= 4.3 0.516 0.122 points 9 yes money contingent no Intentional words Recognition 1000 2500 500 –
​ 4.4 1.656 0.149 points 9 – money contingent no Intentional words Recall 1000 2500 500 immediate
​ 4.5 1.598 0.169 points 9 – money contingent no Intentional words Recall 1000 2500 500 immediate
​ 4.6 0.293 0.099 points 9 yes money contingent no Intentional words Recognition 1000 2500 500 –
da Silva 

Castanheira 
et al., 2022

– 0.078 0.117 money $0.24 no – contingent no Intentional words Recognition – --- – –

Ding et al., 2022 – 0.444 0.156 money 0.20 CNY yes money contingent no Intentional images Recognition 1000 1000 1000 immediate
Elliott and 

Brewer, 2019
1 0.9 0.145 points 6 yes credit contingent no Intentional words Recognition 2000 2000 0 immediate

​ 2 0.569 0.132 points 6 yes credit contingent no Intentional words Recognition 2000 2000 0 immediate
​ 3 0.775 0.14 points 6 yes credit contingent no Intentional words Recognition 2000 2000 0 immediate
Elliott et al., 2020 – 0.769 0.167 points 6 yes credit contingent no Intentional words Recognition 2000 2000 0 immediate
Eysenck and 

Eysenck, 1980
– 1.135 0.256 money 8 pence – – contingent no Intentional words Recall – 4000 0 immediate

Eysenck and 
Eysenck, 1982

1 0.873 0.204 money 8 pence – – contingent no Intentional words Recall – 5000 0 immediate

​ 2 0.791 0.246 money 8 pence – – contingent no Intentional words Recall – 5000 0 immediate
Feld et al., 2014 – 0.826 0.259 money €0.98 yes – contingent no Intentional images Recognition 2000 1125 2250 next day
Gholston et al., 

2023
1 0.171 0.158 money – no money contingent no Intentional images Recognition 1000 1000 2500 next day

​ 2 A 0.055 0.143 money – no money contingent no Intentional images Recognition 1000 1000 2500 next day
​ 2B − 0.033 0.158 money – no money contingent no Intentional images Recognition 1000 1000 2500 next day
​ 3 0.232 0.143 money – no money contingent no Intentional images Recognition 1000 1000 2500 next day

(continued on next page)
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Table 3 (continued )

First author and 
publication year 

Exp. Cohen's 
d 

SE Secondary 
Reward 
Type 

Reward 
Difference 

False 
Alarm 
Penalty 

Compensation Reward 
Contingent 

Punishment 
at Encoding 

Memory 
Type 

Memoranda Memory 
Task 

Reward 
Cue 
length 
(ms) 

Target 
length 
(ms) 

Cue- 
Target 
length 
(ms) 

Retention 
interval

Gruber and 
Otten, 2010

– 1.257 0.212 money £ 1.80 yes money contingent no Intentional words Recognition 1000 500 1000 immediate

Gruber et al., 
2013

– 2.021 0.39 money £ 1.80 yes money contingent no Intentional words Recognition 1000 500 1000 immediate

Halsband et al., 
2012

1 0.624 0.194 money €0.45 yes money contingent no Intentional multiple Recognition 300 1000 500 next day

Han et al., 2023 – 0.121 0.166 points 9 no – contingent no Intentional words Recognition 1500 5000 500 next day
Hennessee, 2018 1 0.07 0.135 points 9 yes credit contingent no Intentional words Recognition 3000 3000 0 immediate
Hennessee et al., 

2019
2 0.66 0.096 points 9 yes credit contingent no Intentional words Recognition 2000 2000 0 immediate

Loh et al., 2016 – 0.536 0.166 money 50 pence no money contingent yes Incidental images Recognition 4000 2000 2000 next day
Mason et al., 

2017
– 0.496 0.131 money – no money non- 

contingent
no Incidental images Recognition 1000 1000 1000 next day

Mather and 
Schoeke, 2011

– 0.066 0.121 money $0.25 no – non- 
contingent

yes Incidental images Recognition 2000 2000 3250 immediate

Murty and 
Adcock, 2017

– 0.577 0.187 money – – money contingent no Intentional multiple Paired- 
Associates

1000 4000 4000 next day

Oyarzún et al., 
2016

1a 0.487 0.183 money – no money non- 
contingent

no Incidental images Recognition 4500 4500 0 next day

​ 1b 0.226 0.131 money – no money non- 
contingent

no Incidental images Recognition 4500 4500 0 immediate

Reggente, 2018 – 2.127 0.321 points 9 – money contingent no Intentional words Recall 2000 3500 4875 immediate
Richter et al., 

2017
– 0.165 0.099 money €0.98 no money non- 

contingent
no Incidental images Recognition 1000 250 2000 next day

Spaniol et al., 
2014

1 0.615 0.141 money $0.99 yes – contingent no Intentional images Recognition 1000 2000 300 next day

​ 2 0.397 0.142 money $0.99 yes – contingent no Intentional images Recognition 1000 2000 300 next day
Stanek et al., 

2019
1 0.765 0.202 money – no money non- 

contingent
no Incidental images Recognition 400 2000 0 next day

Studte et al., 
2017

– 0.502 0.179 money – – – contingent no Intentional words Paired- 
Associates

1000 5000 500 later same 
day

Swirsky et al., 
2020

– 0.541 0.117 points 9 no money non- 
contingent

no – images Recognition 3000 2000 500 immediate

Tucker et al., 
2011

1a 0.293 0.092 money 1 – money contingent no Intentional multiple Paired- 
Associates

– – – later same 
day

​ 1b 0.148 0.089 money 1 – money contingent no Intentional multiple Paired- 
Associates

– – – next day

Villaseñor et al., 
2021

– 0.387 0.093 points 6 yes money contingent no Intentional images Recognition 1000 5000 250 immediate

Wittmann et al., 
2008

– 0.22 0.157 money €0.24 no money non- 
contingent

yes Incidental images Recognition 350 1000 0 next day

Wittmann et al., 
2013

– 0.408 0.165 money €0.98 no – non- 
contingent

yes Incidental images Recognition 1500 100 1600 next day

Wolosin et al., 
2012

– 0.431 0.153 money $1.90 – money contingent no Intentional images Paired- 
Associates

1500 4000 2000 immediate

Wolosin et al., 
2013

– 0.676 0.175 money $1.90 – money contingent no Intentional images Paired- 
Associates

2000 3000 4500 immediate

Yan et al., 2022 – 1.087 0.178 money $0.02 no credit contingent no Intentional multi Recognition 1000 1000 900 immediate

Note. Exp = experiment number; SE = standard error; Reward Difference = the difference in amounts between the high and low/no reward condition (money and points); Compensation = participant compensation was 
coded as either with money or credit (in the case of an undergraduate participant pool course credit); – = not applicable, not reported, or could not be determined from the study description.
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temporal variability of trial events in the context of our cognitive control 
outcomes below.

Finally, we examined country of origin, year of publication, and the 
percentage of female participants as potential moderators, which are 
reported in the Supplemental Material. Of the examined outcomes, the 
effect size for memory encoding was not moderated by these variables.

27. Examining reward effects on cognitive control and the role 
of moderators

The meta-analysis examining reward anticipation on cognitive con
trol accuracy outcomes was conducted with 70 studies (53 publications), 
and the meta-analysis examining reward anticipation on cognitive 
control RT outcomes was conducted with 56 studies (74 publications). 
These meta-analyses revealed a small effect of reward on accuracy, 
Cohen’s d = 0.286, and a large effect of reward on RT, Cohen’s 
d = 0.807. When examining both outcomes, we observed between-study 
variance, but a large portion of this variance reflected the true effect size 
rather than sampling error (>92% for both accuracy and RT). To 
investigate sources of this variability, we assessed the influence of 
multiple moderators related to experimental differences in task design. 
Consistent with our approach to testing for potential moderators of 
reward effects on memory, we were interested in three key categories of 
moderators – differences associated with reward motivation, differences 
associated with aspects of the cognitive control task, and differences 
relating to the temporal variability of trial events. These potential 
moderators are discussed below in this respective order (also Table 4).

As in our memory analyses, we were interested in comparing the 
effects of different types of reward. We intended to examine primary 
versus secondary rewards in terms of their effects on cognitive control, 
but could only do this for the RT dimension, as we did not have a suf
ficient number of studies with primary reward effect sizes reported for 
the accuracy dimension (k = 2). For cognitive control RT, we observed 
that primary versus secondary reward type was a significant moderator, 
with a larger effect of reward on RT when primary rewards were used. 
While this finding should be considered tentative given the limited 
number of included studies using primary rewards (k = 3), this suggests 
the intriguing possibility that primary versus secondary rewards might 
lead to larger effects on cognitive control. Secondary rewards such as 
monetary incentives have been used much more frequently than pri
mary rewards in studies of cognitive control, but neuroimaging evidence 
suggests that primary versus secondary reward processing can elicit both 
overlapping and distinct patterns of brain activity (Beck et al., 2010; 
Delgado et al., 2011; Yee et al., 2021). Theoretical accounts (Krug and 
Braver, 2014) have argued that primary rewards might, by definition, 
produce motivational effects that are more hard-wired and 
context-independent, as well as more precise in their timing, given that 
they are directly and immediately experienced. Despite these posited 
advantages, the present study provides the first meta-analytic evidence, 
to our knowledge, that anticipation of primary rewards may enhance 
response speed during cognitive performance to a greater extent than 
anticipation of secondary rewards. This observation remains tentative, 
given the small number of studies employing primary rewards in our 
meta-analysis and in the human cognitive literature more broadly, but 
provides an intriguing finding for future research to investigate further.

We also examined whether the kind of secondary reward (monetary 
versus points) would significantly moderate its effect on cognitive con
trol outcomes. We did not observe that monetary versus points rewards 
significantly moderated cognitive control accuracy but not RT. This 
significant effect is in the opposite direction of our memory accuracy 
meta-analysis, which revealed that points were associated with a larger 
reward effect than monetary rewards. For cognitive control accuracy, 
points led to a smaller reward effect than monetary rewards. Impor
tantly, we had a relatively small number of cognitive control studies 
using points versus monetary rewards (cognitive control accuracy: 
k = 16 points vs. k = 50 monetary; cognitive control RT: k = 18 points 

vs. k = 50 monetary), relative to the comparison we were able to make 
for memory encoding accuracy described above (k = 19 points vs. 
k = 40 monetary), so this difference across domains should be 
considered.

We next examined whether, for studies utilizing secondary rewards 
in explicit quantities, the relative difference in reward/point amount 
between the high and low/no-reward condition moderated the size of 
the reward effect on cognitive control. We did not observe significant 
moderation of cognitive control accuracy by relative differences when 
using either monetary or point rewards. However, cognitive control RT 
was significantly moderated by relative differences in monetary re
wards, with no such effect observed for point rewards; this moderation 
effect was negative, such that larger monetary reward differences were 
associated with smaller changes in response speed. This finding should 
be taken with caution, given that the majority of studies included in our 
meta-analysis used relatively small reward differences; however, we 
might speculate on potential drivers of this surprising effect. Some 
cognitive control studies have been suggestive of the phenomenon of 
“choking under pressure” (Mobbs et al., 2009); that is, reduced benefits 
to performance under high-stakes reward; a reduced benefit of rewards 
with increasing magnitude differences could arguably be consistent with 
this phenomenon. Additionally, people arguably have more experience 
with monetary, versus point, values in their daily lives – as such, they 
may be more fluent in considering relative value differences between 
monetary amounts versus point manipulations and using such differ
ences to adaptively guide cognition. Finally, we were interested in 
testing for effect of compensation type (i.e., money versus course credit) 
as a potential moderator of reward effects on cognitive control, given 
evidence suggesting that differing forms of compensation might be 
associated with differences in reward-motivated memory (Bowen and 
Kensinger, 2017), but we were not able to test for this moderator in 
the cognitive control domain given so few studies specified course credit 
as compensation, as well as insufficient detail on how compensation was 
provided or the use of multiple forms of compensation in the included 
studies.

We had originally proposed to examine whether reward contingency 
was a significant moderator of cognitive control performance, but did 
not have sufficient numbers of cognitive control studies with non- 
contingent reward (k = 2 for both cognitive control accuracy and RT). 
This stands in contrast to our meta-analysis examining reward antici
pation on memory encoding, where a larger number of studies 
employing incidental rewards were included and reward contingency 
was found to be a significant moderator, with larger effect sizes in 
studies using contingent versus non-contingent rewards. We were 
somewhat surprised at the very small number of identified cognitive 
control studies employing incidental rewards, especially given prior 
studies suggesting that incidental, non-contingent rewards might 
decrease cognitive control (van Steenbergen et al., 2009), contrasting 
with findings that contingent rewards typically increase cognitive con
trol (Botvinick and Braver, 2015; Braem et al., 2012). It has been sug
gested that incidental rewards might reduce cognitive control by 
enhancing positive affect but not motivational drive (Chiew and Braver, 
2011; Goschke and Bolte, 2014). However, such affective influences 
tend to be subtle, with small and inconsistent effects on cognitive control 
performance (Chiew, 2021). Such subtlety may have led to a focus on 
contingent over incidental rewards in cognitive control research, given 
that such manipulations may be easier to operationalize and their effects 
may be larger in magnitude. However, given documented differences in 
the effects of contingent versus incidental rewards on controlled per
formance as noted above, it will be important for future research to 
investigate this further, making meta-analytic comparisons possible. 
These findings suggesting that non-contingent reward might decrease 
cognitive control also provide potential insight into the nature of the 
significant reward contingency moderator in memory accuracy. As 
noted above, it is possible that contingent rewards increase attentional 
control during memory encoding while incidental rewards do not, and 
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Table 4 
Moderator Variables used in Cognitive Control Studies Included in the Analysis.

First Author and 
Publication Year

Exp. Outcome Cohen’s 
d

SE Reward 
Type

Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

Aarts et al., 2010 – ACC 0.44 0.186 Secondary money €0.09 Contingent no Switch fast & 
accurate

600 – 8000

​ ​ RT 0.668 0.197 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Arnau et al., 2024 – ACC 0.327 0.156 Secondary points 9 Contingent No Switch fast & 

accurate
800 Up to 1200 800

​ ​ RT 0.887 0.179 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Asci et al., 2019 – ACC 0.864 0.185 Secondary money €0.05 Contingent no Go/No-Go accurate – 1000 0
​ ​ RT 1.578 0.237 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Bahlmann et al., 

2015
– ACC 0.88 0.204 Secondary money €0.14 Contingent no Switch accurate – – –

​ – RT 0.77 0.197 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Beck et al., 2010 – RT 1.17 0.184 Both – – Contingent no Switch fast & 

accurate
1000 – 7000

Bräutigam et al., 
2024

1 ACC 0.271 0.130 Secondary points 10 Contingent no Simon fast & 
accurate

800 Up to 3000 400

​ ​ RT 0.708 0.142 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 1 ACC 0.291 0.130 Secondary Points 10 Contingent no Stroop fast & 

accurate
800 Up to 3000 400

​ ​ RT 0.892 0.151 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.321 0.103 Secondary points 10 Contingent no Simon fast & 

accurate
800 Up to 3000 400

​ ​ RT 0.697 0.112 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.390 0.105 Secondary points 10 Contingent no Stroop fast & 

accurate
800 Up to 3000 400

First Author and 
Publication Year

Exp. Outcome Cohen’s 
d

SE Reward 
Type

Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

​ ​ RT 0.801 0.116 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Bundt et al., 2021 – ACC 0.699 0.140 Secondary points 1 Contingent no Stroop fast & 

accurate
300 Up to 1000 700

​ ​ RT 0.824 0.145 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Capa et al., 2011 – ACC 0.785 0.127 Secondary money €0.91 Contingent no WM accurate 162 7000 300
​ ​ RT 0.413 0.152 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Capa and Bouquet, 

2018
– ACC 1.053 0.167 Secondary money €0.91 Contingent no WM accurate 1634 7000 264

Chaillou et al., 2017 – RT 0.45 0.169 Secondary money – Contingent no AX-CPT fast & 
accurate

500 300 2900

Chiew and Braver, 
2013

– ACC 0.42 0.141 Secondary money – Contingent no AX-CPT fast & 
accurate

400 – 1800

​ ​ RT 1.49 0.196 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Chiew and Braver, 

2014
– ACC 0.431 0.084 Secondary money – Contingent no AX-CPT fast & 

accurate
1000 1000 1800

​ ​ RT 0.969 0.094 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Chiew and Braver, 

2016
1 ACC 0.366 0.163 Primary – – Contingent no Flanker fast & 

accurate
800 200 0

​ ​ RT 2.185 0.291 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.283 0.161 Primary – – Contingent no Flanker fast & 

accurate
300 200 850

​ ​ RT 1.776 0.254 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Crawford et al., 

2020
1 ACC 0.248 0.144 Secondary money – Contingent no Switch fast & 

accurate
500 2000 1850

First Author and 
Publication Year

Exp. Outcome Cohen’s 
d

SE Reward 
Type

Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

​ ​ RT 0.980 0.172 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(continued on next page)
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Table 4 (continued )

First Author and 
Publication Year 

Exp. Outcome Cohen’s 
d 

SE Reward 
Type 

Secondary 
Reward Type 

Reward 
Difference 

Reward 
Contingent 

Punishment 
for Errors 

Task Type RT 
Deadline 

Reward Cue 
length (ms) 

Target 
Length (ms) 

Cue-Target 
Length (ms)

​ 2 ACC 0.546 0.108 Secondary money – Contingent no Switch fast & 
accurate

500 2000 1850

​ ​ RT 0.112 0.101 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Cubillo et al., 2019 – ACC 0.945 0.170 Secondary points – Contingent yes Switch – 750 1200 –
​ ​ RT 0.945 0.170 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Diao et al., 2014 – ACC 0.818 0.153 Secondary money 13 CNY Contingent no Go/No-Go accurate 159 125 2300
​ ​ RT 0.739 0.150 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Diao et al., 2016 – ACC 1.32 0.250 Secondary money 13 CNY Contingent no Go/No-Go accurate 1000 125 1000
​ ​ RT 0.51 0.194 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fröber and 

Dreisbach, 2014
– ACC 0.292 0.089 Secondary money €0.05 Both no AX-CPT – 400 – 1700

​ ​ RT 0.239 0.088 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fröber and 

Dreisbach, 2016
1 ACC 0.271 0.101 Secondary money €0.05 Both no AX-CPT – 400 300 2100

​ ​ RT 0.398 0.103 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.066 0.126 Secondary money €0.05 Both no AX-CPT – 400 300 2100
​ ​ RT 0.605 0.355 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fröber et al., 2020 – ACC 0.929 0.143 Secondary Points 6 Contingent no Voluntary 

switch
fast & 
accurate

500 – 0

​ ​ RT 3.808 0.343 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fröber et al., 2021 1 ACC 0.196 0.148 Secondary Points 6 Contingent no Voluntary 

switch
fast & 
accurate

1000 – 0

First Author and 
Publication Year

Exp. Outcome Cohen’s 
d

SE Reward 
Type

Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

​ ​ RT 0.972 0.178 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fröber and 

Dreisbach, 2021
2 ACC 0.582 0.153 Secondary points 6 Contingent no Switch accurate 500 – 0

​ ​ RT 0.711 0.158 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Frömer et al., 2021 1 ACC 0.028 0.169 Secondary money $0.90 Both no Stroop fast & 

accurate
1500 1000 0

​ ​ RT 0.735 0.190 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.005 0.117 Secondary money $0.90 Both no Stroop fast & 

accurate
1500 1000 0

​ ​ RT 0.440 0.122 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Gilbert and Fiez, 

2004
– ACC 0.830 0.191 Secondary money $0.25 Contingent no WM fast & 

accurate
6000 6000 18000

Giuffrida et al., 
2023

– RT 0.854 0.213 Secondary points 25 Contingent no Stop Signal fast & 
accurate

900–1200 
(variable)

Up to 1500 0

Grogan et al., 2022 1 ACC 0.292 0.144 Secondary money 49 pence Contingent no WM accurate 1200 500 0
​ ​ RT 0.629 0.155 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.276 0.135 Secondary money 49 pence Contingent no WM accurate 1200 500 0
​ ​ RT 0.470 0.140 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 3 ACC 0.638 0.155 Secondary money 49 pence Contingent no WM accurate 1200 500 0
​ ​ RT 0.638 0.155 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 4 ACC 0.397 0.147 Secondary money 49 pence Contingent no WM accurate 1200 500 0
​ ​ RT 0.590 0.153 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
First Author and 

Publication Year
Exp. Outcome Cohen’s 

d
SE Reward 

Type
Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

Hippmann et al., 
2019

1 ACC 0.474 0.170 Secondary money €0.06 Contingent no Switch fast & 
accurate

1000 – 500

​ 1 RT 0.411 0.168 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.563 0.186 Secondary money €0.06 Contingent no Switch fast & 

accurate
1000 – 500

​ ​ RT 0.578 0.187 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​

(continued on next page)

H
.J. Bow

en et al.                                                                                                                                                                                                                                
Neuroscience and Biobehavioral Reviews 188 (2026) 106793 

29 



Table 4 (continued )

First Author and 
Publication Year 

Exp. Outcome Cohen’s 
d 

SE Reward 
Type 

Secondary 
Reward Type 

Reward 
Difference 

Reward 
Contingent 

Punishment 
for Errors 

Task Type RT 
Deadline 

Reward Cue 
length (ms) 

Target 
Length (ms) 

Cue-Target 
Length (ms)

Jiang and Xu, 2014 – ACC 0.895 0.210 Secondary points 10 Contingent no Switch fast & 
accurate

– 600 –

​ ​ RT 0.933 0.213 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Jia et al., 2021 – ACC 0 0.169 Secondary money – Contingent no Stroop fast & 

accurate
1000 500 600–1000

​ ​ RT 1.30 0.230 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Kang et al., 2019 – RT 0.649 0.196 Secondary money – Contingent no Stroop fast & 

accurate
450 450 1350

Kleinsorge and 
Rinkenauer, 2012

1 RT 1.294 0.262 Secondary money €0.02 Contingent no Switch fast & 
accurate

– 1000 –

Kostandyan et al., 
2019

2 ACC 0 0.165 Secondary money – Contingent no Flanker fast & 
accurate

300 Up to 1000 1000–1300

​ ​ RT 0.880 0.195 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Kostandyan et al., 

2020
– ACC 0.735 0.175 Secondary money €0.07 Contingent no Stroop fast & 

accurate
300 700 2000–7000

​ ​ RT 1.571 0.232 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Krebs et al., 2011 – ACC 0.806 0.205 Secondary money €0.10 Contingent yes Stroop fast & 

accurate
600 600 0

​ ​ RT 1.473 0.257 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Krebs et al., 2012 – ACC 1.193 0.271 Secondary money €0.10 Contingent yes Discrimination fast & 

accurate
800 100 2500

​ ​ RT 1.325 0.284 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
First Author and 

Publication Year
Exp. Outcome Cohen’s 

d
SE Reward 

Type
Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

Krebs et al., 2013 – ACC 0.95 0.249 Secondary money €0.10 Contingent yes Stroop fast & 
accurate

600 600 0

​ ​ RT 2.192 0.382 Secondary money – ​ ​ ​ ​ ​ ​ ​
Le et al., 2020 – ACC 1.397 0.128 Secondary money $0.95 Contingent yes Go/No-Go fast & 

accurate
3000 – 0

​ ​ RT 1.753 0.145 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Liegel et al., 2024 – ACC 0.166 0.138 Secondary money – Contingent no Discrimination fast & 

accurate
400 200 1600

Marini et al., 2015 1 ACC 0.031 0.194 Secondary points – Contingent no Flanker fast & 
accurate

500 200 1000

​ ​ RT 0.031 0.194 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.994 0.237 Secondary points – Contingent no Flanker fast & 

accurate
500 200 1000

​ ​ RT 0.994 0.237 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Padmala and 

Pessoa, 2011
– ACC 0.782 0.125 Secondary points – Contingent no Stroop fast & 

accurate
750 1000 2000–6000

​ ​ RT 1.41 0.155 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Padmanabhan 

et al., 2011
– RT 0.715 0.274 Secondary money – Contingent no Anti-saccade accurate 1500 1500 3000

Phaneuf-Hadd 
et al., 2025

– ACC 0.278 0.123 Secondary money $0.90 Contingent no Switch fast & 
accurate

2000 3000 1000

​ ​ RT 0.255 0.123 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Fahey et al., 2025 – ACC 0.995 0.091 Secondary points 9 Contingent no Stroop accurate 1500 6000–9000 625
​ ​ RT 0.986 0.090 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Reyes et al., 2020 – ACC 0.307 0.091 Secondary Money 1000 pesos Contingent no Antisaccade accurate 2500 1000 0
First Author and 

Publication Year
Exp. Outcome Cohen’s 

d
SE Reward 

Type
Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

​ ​ RT 0.221 0.090 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Savine et al., 2010 1 ACC 0.424 0.165 Secondary money ​ Contingent no Switch fast & 

accurate
1000 – 6000
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Table 4 (continued )

First Author and 
Publication Year 

Exp. Outcome Cohen’s 
d 

SE Reward 
Type 

Secondary 
Reward Type 

Reward 
Difference 

Reward 
Contingent 

Punishment 
for Errors 

Task Type RT 
Deadline 

Reward Cue 
length (ms) 

Target 
Length (ms) 

Cue-Target 
Length (ms)

​ 2 RT 1.148 0.204 Secondary money ​ Contingent no Switch fast & 
accurate

– 1250 –

​ 2 RT 1.054 0.179 Primary - ​ Contingent yes WM fast & 
accurate

1000 – 6000

Schevernels et al., 
2014

– ACC 0.80 0.190 Secondary money €0.04 Contingent no Discrimination fast & 
accurate

400 100 1100–1600

​ ​ RT 1.02 0.204 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Seifert et al., 2006 – ACC 0 0.106 Secondary money €0.20 Contingent no Flanker fast & 

accurate
494 350 1294

​ ​ RT 1.24 0.142 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Sullivan et al., 2023 – ACC 0.230 0.154 Secondary Money $0.10 Contingent yes Flanker fast & 

accurate
200 1700 1550

​ ​ RT 0.214 0.154 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Taylor et al., 2004 2 ACC 0.79 0.281 Secondary money ​ Contingent yes WM accurate – 2000 8000
​ – RT 0.648 0.257 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Thurm et al., 2018 – RT 0.829 0.196 Secondary points 10 Contingent no WM accurate 1000 1800 300
van den Berg et al., 

2014
– ACC 0.151 0.147 Secondary money $0.10 Contingent yes Stroop fast & 

accurate
400 900 –

​ ​ RT 0.16 0.147 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Veling and Aarts, 

2010
– ACC 0.347 0.133 Secondary money €0.49 Contingent no Stroop fast & 

accurate
300 – 3550

​ ​ RT 0.381 0.134 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
First Author and 

Publication Year
Exp. Outcome Cohen’s 

d
SE Reward 

Type
Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)

Wen et al., 2024 – ACC 0.10 0.090 Secondary money 0.5 CNY Contingent no Discrimination fast & 
accurate

1500 1000 0

​ ​ RT 0.39 0.093 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Williams et al., 

2018
– ACC 0.878 0.186 Secondary money $0.10 Contingent yes Flanker fast & 

accurate
400 Up to 1600 600 or 900

​ ​ RT 1.586 0.238 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Wolff et al., 2016 1 RT 1.155 0.224 Secondary money €0.05 Contingent no Stroop fast & 

accurate
1250 1250 0

​ 2 RT 1.561 0.252 Secondary money €0.05 Contingent no Stroop fast & 
accurate

1250 1250 0

Yamaguchi and 
Nishimura, 2019

1 ACC 0.199 0.113 Secondary points 1 Contingent yes Flanker accurate 750 – 500

​ 1 RT 0.401 0.116 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.341 0.115 Secondary points 1 Non- 

contingent
yes Flanker – 750 – 500

​ ​ RT 0.278 0.114 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 3 ACC 0.389 0.116 Secondary points 1 Non- 

contingent
yes Flanker – 750 – 500

​ 3 RT 0.315 0.115 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Yee et al., 2016 1 ACC 0.565 0.134 Secondary money – Contingent no Switch fast & 

accurate
500 Up to 2000 1850

​ ​ RT 0.446 0.130 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
​ 2 ACC 0.684 0.140 Secondary money – Contingent no Switch fast & 

accurate
500 Up to 2000 1850

​ ​ RT 0.806 0.145 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Yee et al., 2019 – ACC 0.692 0.117 Secondary Money – Contingent No Switch fast & 

accurate
500 Up to 2000 1850

​ ​ RT 2.233 0.188 ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
First Author and 

Publication Year
Exp. Outcome Cohen’s 

d
SE Reward 

Type
Secondary 
Reward Type

Reward 
Difference

Reward 
Contingent

Punishment 
for Errors

Task Type RT 
Deadline

Reward Cue 
length (ms)

Target 
Length (ms)

Cue-Target 
Length (ms)
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that such differences in control during encoding might account for the 
memory benefit observed with contingent versus non-contingent 
reward. Similarly, we tested whether punishment for errors signifi
cantly moderated cognitive control accuracy and RT, but did not find 
evidence of significant moderation for either outcome. These null effects 
were intriguing, given prior evidence suggesting that penalizing errors 
(versus emphasizing speed) has been associated with a decreased benefit 
of reward incentives to cognitive control performance (Dambacher 
et al., 2011), an effect interpreted as the result of error-related pen
alties introducing a competition between accuracy and speed 
requirements.

Next, we investigated whether task design-related differences across 
studies significantly moderated reward effects on cognitive control. 
First, we tested whether task type significantly moderated the effect of 
reward on either cognitive control accuracy or RT. We compared be
tween several different cognitive control task types (AX-CPT, Flanker, 
Go/No-Go, Stroop, Switch, and Working Memory, and in one analysis 
the Discrimination and Simon Task) present in a sufficient number of 
studies to be compared using meta-analysis. The effect of reward 
anticipation on cognitive control accuracy and RT was highly task- 
dependent, rather than uniform across cognitive control domains. 
Some tasks were associated with substantial performance benefits under 
reward, others were associated with little effect, and some were even 
linked with performance costs. In the accuracy domain, task type was a 
significant moderator of reward effect, such that reward benefits to ac
curacy were observed in studies using Go/No-Go, Switch, and Working 
Memory tasks, but not in studies using AX-CPT or Discrimination tasks 
(where the reward effect did not significantly differ from zero). Of note, 
the meta-analytic reward effect size for Flanker accuracy was negative, 
indicating worse performance under high reward conditions. Effects on 
Stroop were unstable and only showed a slight reward benefit when one 
Stroop study was removed due to dependent samples. Task type was also 
a significant moderator of reward effects on cognitive control RT. 
Generally, the effects of reward on RT were more consistent across tasks, 
with reward leading to faster responses in studies that used an AX-CPT, 
Discrimination, Flanker, Go/No-Go, or Stroop task. The one exception to 
this pattern was Working Memory, which was not associated with a 
significant RT benefit from reward. For both accuracy and RT, the Go/ 
No-Go task had the largest effect sizes (see Figs. 6 and 10); however, 
only four studies that employed this task. While these findings are 
tentative given the limited number of studies associated with some task 
types (AX-CPT k = 5; Discrimination k = 4, Go/No-Go k = 4; Simon 
k = 3), they suggest that reward might not significantly modulate ac
curacy in AX-CPT or Discrimination tasks (while increasing response 
speed, leading to a net performance benefit overall). Mechanisms that 
might lead to this moderation effect remain unclear, but one possibility 
is that accuracy in the AX-CPT and Discrimination tasks was already 
close to or at ceiling; thus, reward effects on performance primarily 
manifested in terms of changes in RT. A second possibility may be 
specific to the AX-CPT, given its sensitivity to separable proactive versus 
reactive cognitive control modes (Braver, 2012). Performance in 
differing task conditions in the AX-CPT improves or declines as a func
tion of proactive and reactive cognitive control modes, allowing their 
characterization across contexts and individuals (Chiew and Braver, 
2017). Specifically, increased proactive control leads to poorer perfor
mance in one AX-CPT condition (termed “AY trials”) where cue-based 
expectancy must be overcome to successfully respond. Robust evi
dence suggests that reward incentives might specifically enhance pro
active control, typically improving performance in all trial conditions 
except AY, where increases in error rates may be observed (Chiew and 
Braver, 2013; Fröber and Dreisbach, 2014). It is possible that this aspect 
of AX-CPT design might account for a reduced accuracy benefit with 
reward, compared to most other cognitive control tasks. Notably, the 
Flanker task was the only one where we had a decrease in accuracy with 
reward, which accompanied a speeding effect. While our overall effects 
do not indicate a speed-accuracy tradeoff with reward across our Ta

bl
e 

4 
(c

on
tin

ue
d)

Fi
rs

t A
ut

ho
r 

an
d 

Pu
bl

ic
at

io
n 

Ye
ar

 
Ex

p.
 

O
ut

co
m

e 
Co

he
n’

s 
d 

SE
 

Re
w

ar
d 

Ty
pe

 
Se

co
nd

ar
y 

Re
w

ar
d 

Ty
pe

 
Re

w
ar

d 
D

iff
er

en
ce

 
Re

w
ar

d 
Co

nt
in

ge
nt

 
Pu

ni
sh

m
en

t 
fo

r 
Er

ro
rs

 
Ta

sk
 T

yp
e 

RT
 

D
ea

dl
in

e 
Re

w
ar

d 
Cu

e 
le

ng
th

 (
m

s)
 

Ta
rg

et
 

Le
ng

th
 (

m
s)

 
Cu

e-
Ta

rg
et

 
Le

ng
th

 (
m

s)

Ye
e 

et
 a

l.,
 2

02
1

–
A

CC
0.

21
7

0.
11

6
Se

co
nd

ar
y

m
on

ey
–

Co
nt

in
ge

nt
no

Sw
itc

h
fa

st
 &

 
ac

cu
ra

te
50

0
20

00
40

00

​
​

RT
0.

75
5

0.
12

9
​

​
​

​
​

​
​

​
​

​
Ze

de
liu

s e
t a

l.,
 2

01
1

–
A

CC
0.

55
9

0.
08

1
Se

co
nd

ar
y

m
on

ey
€0

.4
9

Co
nt

in
ge

nt
no

A
ud

ito
ry

 S
im

on
 

Ta
sk

fa
st

 &
 

ac
cu

ra
te

17
–3

00
25

0
19

48
.5

Ze
de

liu
s e

t a
l.,

 2
01

2
1

A
CC

0.
17

5
0.

12
2

Se
co

nd
ar

y
m

on
ey

€0
.4

9
Co

nt
in

ge
nt

no
W

M
ac

cu
ra

te
15

9
44

1.
5

–
​

2
A

CC
0.

26
0.

13
9

Se
co

nd
ar

y
m

on
ey

€0
.4

9
Co

nt
in

ge
nt

no
W

M
ac

cu
ra

te
15

9
44

1.
5

–
Ze

de
liu

s e
t a

l.,
 2

01
2

1
A

CC
0.

12
1

0.
16

3
Se

co
nd

ar
y

m
on

ey
€0

.4
9

Co
nt

in
ge

nt
no

W
M

ac
cu

ra
te

17
–3

00
40

0
44

1.
5

​
1

RT
0.

36
7

0.
08

4
Se

co
nd

ar
y

m
on

ey
€0

.4
9

Co
nt

in
ge

nt
no

A
ud

ito
ry

 S
im

on
 

Ta
sk

fa
st

 &
 

ac
cu

ra
te

15
9

25
0

19
48

.5

N
ot

e.
 E

xp
. =

ex
pe

ri
m

en
t n

um
be

r; 
SE

 =
st

an
da

rd
 e

rr
or

; R
ew

ar
d 

D
iff

er
en

ce
 =

th
e 

di
ffe

re
nc

e 
in

 a
m

ou
nt

s b
et

w
ee

n 
th

e 
hi

gh
 a

nd
 lo

w
/n

o 
re

w
ar

d 
co

nd
iti

on
 (m

on
ey

 a
nd

 p
oi

nt
s)

; C
om

pe
ns

at
io

n 
=

pa
rt

ic
ip

an
t c

om
pe

ns
at

io
n 

w
as

 
co

de
d 

as
 e

ith
er

 w
ith

 m
on

ey
 o

r 
co

ur
se

 c
re

di
t (

in
 th

e 
ca

se
 o

f a
n 

un
de

rg
ra

du
at

e 
pa

rt
ic

ip
an

t p
oo

l)
; –

 =
no

t a
pp

lic
ab

le
, n

ot
 r

ep
or

te
d,

 o
r 

co
ul

d 
no

t b
e 

de
te

rm
in

ed
 fr

om
 th

e 
st

ud
y 

de
sc

ri
pt

io
n.

H.J. Bowen et al.                                                                                                                                                                                                                                Neuroscience and Biobehavioral Reviews 188 (2026) 106793 

32 



examined studies of cognitive control in general, we might speculate 
that certain characteristics of the Flanker paradigm may make it more 
sensitive to such effects. In the Flanker paradigm, the target stimulus 
and distracting information are shown simultaneously during response 
preparation (in contrast to some other paradigms such as the AX-CPT 
and Working Memory, which utilize a sequential series of events), 
which may make responses more prone to speed-accuracy tradeoff 
(Dambacher and Hübner, 2013). On the other hand, our meta-analysis 
also included paradigms such as the Stroop (which is also typically 
characterized by simultaneous presentation of both task-relevant and 
task-irrelevant dimensions at the time of response preparation), and our 
Stroop results were suggestive of a weak beneficial effect of reward to 
accuracy, rather than an impairment. Given this, it is difficult to defin
itively conclude why reward appeared to be associated with reduced 
accuracy in the Flanker, in contrast with all other studied task para
digms. Potential differences in control demands by task type, as well as 
the possibility of additional moderating variables accompanying dif
ferences in task type on a study-level basis, may be candidate factors to 
investigate further in addressing this issue.

We examined whether the duration of the reward cue, duration of 
the target, and length of the cue-target interval trial events significantly 
moderated reward effects on cognitive control. As in our memory meta- 
analysis, we did not observe evidence that the timing of any of these 
three types of trial events moderated reward effects on either cognitive 
control accuracy or RT. This nonsignificant result was somewhat sur
prising, given findings suggesting that reward anticipation cues require 
a sufficient preparatory (i.e., cue-target) interval to benefit cognitive 
control and do not improve control when this interval is too short 
(Chiew and Braver, 2016). As noted above, additional work in the 
memory domain suggests that cues signaling uncertain reward can 
enhance memory for target stimuli, but that such enhancement might 
critically depend on the time length of the cue-target interval (Stanek 
et al., 2019). While it has been suggested that reward-related dopami
nergic activity can operate via temporally separable (i.e., phasic versus 
tonic) mechanisms with distinct functional consequences (Grace, 1991; 
Niv, 2007), the contexts under which different temporally-distinct 
mechanisms are elicited, with consequences for reward-motivated 
cognition, are not well understood or characterized. Indicating the po
tential importance of event timing for reward effects, Stanek et al. 
(Stanek et al., 2019) reported that cues signaling uncertain rewards 
specifically benefited memory encoding when a sustained 
(multi-second) cue-target interval separated reward cues and target 
memoranda, consistent with electrophysiological evidence that dopa
mine neurons show profiles of sustained, multi-second ramping in 
response to uncertain rewards (Fiorillo et al., 2003). However, this 
temporally-specific effect might be critically dependent on the interac
tion between reward value and reward uncertainty. It is currently an 
open question whether the timing of trial events during reward antici
pation only modulates cognitive outcomes when constrained by 
contextual factors.

Finally, we tested country of origin, year of publication, and the 
percentage of female participants as potential moderators of the effect of 
reward on memory encoding and cognitive control. We did not have 
specific predictions about how these moderators would impact results, 
but there were some significant effects. The results and discussion of the 
findings are reported in the Supplemental Materials. Of note, to our 
knowledge, sex and gender differences are relatively under- 
characterized in motivated cognition and we discuss issues with the 
homogeneity of the samples included in this meta-analysis, and this 
literature more broadly, in more detail in the limitations section below.

28. Summary of significant moderators across memory and 
control domains

In this meta-analysis, we tested a large number of moderators related 
to differences in reward motivation as well as in design elements of the 

memory and cognitive control tasks. Not all of these moderators were 
significant, but we observed that several of them were associated with 
differences in reward anticipation effects. Further, a larger number of 
moderators influenced reward effects on memory accuracy, compared to 
cognitive control accuracy and RT. This might indicate that overall, 
reward effects on memory performance might be more sensitive to 
manipulations of reward and experimental design, compared to cogni
tive control outcomes. To summarize, reward effects on memory accu
racy were moderated by 1) type of secondary reward (points > money); 
2) inclusion of a false alarm penalty at retrieval in recognition memory 
studies (penalty > no-penalty); 3) reward-contingency and intentional 
encoding (contingent > non-contingent and intentional > incidental); 4) 
type of memoranda (words > images); 5) type of memory task (recall >
recognition and paired associates). When examining reward effects on 
cognitive control, the only significant moderators that emerged for 
cognitive control accuracy were reward type (monetary > points) and 
the type of cognitive control task employed (Go/No-Go, Switch, Work
ing Memory > AX-CPT, Discrimination, Stroop > Flanker). For cognitive 
control RT, the only significant moderators observed were reward type 
(primary > secondary), reward amount difference (smaller effect with 
greater difference, for monetary rewards only), and type of cognitive 
control task employed (Go/No-Go, Stroop, Switch, AX-CPT, Discrimi
nation, Flanker > Working Memory). As noted, there were a limited 
number of studies that used primary rewards (k = 3), and some cogni
tive control task type (less than k = 5 in some conditions). Despite this, 
while our conclusions on task type are sensitive due to small numbers of 
studies per condition and a wide variety of tasks, it does suggest that 
reward effects on cognitive control might be meaningfully varied across 
task paradigms. Other meta-analyses like Swirsky et al. (Swirsky et al., 
2023) did not separate out by task type, so this might be an important 
source of variability that needs to be investigated further.

29. Limitations

A number of limitations should be accounted for when considering 
the implications of our meta-analytic findings. First, many of the indi
vidual studies included in the present meta-analysis use relatively small 
convenience samples (average sample size ~35 participants per study, 
in both the cognitive control and memory domains), that are limited in 
their statistical power and potential population representation. Further, 
the percentage of female participants included in the samples was a 
significant moderator of the effect on cognitive control accuracy (but not 
cognitive control RT or memory). There may be interesting and 
important sex or gender differences in reward sensitivity, or reward- 
cognition interactions, that have not yet been empirically assessed. 
Additionally, the majority of studies included in the meta-analysis were 
conducted in “WEIRD” (White, Educated, Industrialized, Rich, Demo
cratic) countries. Few studies reported race and ethnicity information 
for participants; thus, it was not possible to evaluate study samples in 
terms of their racial or ethnic diversity. These limitations may constrain 
the generalizability of observed results. Use of small samples with 
limited diversity and representation poses a widespread problem for 
generalizability in the psychology literature, more broadly (Rad et al., 
2018; Thomas et al., 2023), but it may be a particularly important issue 
in studies of motivated cognition. Monetary incentives are commonly 
used as manipulations, and recent evidence suggests that monetary in
centives are more motivating in individuals from WEIRD versus 
non-WEIRD cultures (Medvedev et al., 2024). Most of the studies 
included in this meta-analysis were from countries considered “WEIRD”, 
and even given this limited scope, country of origin was a significant 
moderator of the effect size for reward influences on cognitive control 
accuracy. Additionally, we observed evidence of publication bias for all 
three studied outcomes in terms of larger effect sizes for studies with 
smaller samples. While both published and unpublished studies (such as 
dissertations) were eligible for our meta-analysis, this publication bias 
might reflect fewer studies with null findings being publicly available. It 
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has been argued that null results, as well as studies with low power or 
poor methodology, are less likely to be published and this may skew 
meta-analytic effects towards positive results (Thornton and Lee, 2000). 
Open science practices such as increased support for replication studies 
and sharing of null results may help mitigate such publication biases in 
the scientific literature over time.

An additional limitation of the current meta-analytic work is the 
limited variability across studies for many of the moderators examined. 
Our results indicate that significant between-study heterogeneity was 
present in the reward effect on all three examined outcomes, suggesting 
the presence of important moderators that might influence effect size 
from one study to the next. This was corroborated by our analyses 
revealing several factors to be significant moderators for each outcome. 
However, for many categorical moderators, a relatively small number of 
studies were included for each compared condition. In some cases, we 
could not test for potential moderators proposed in our pre-registration 
because we did not have a minimum number of eligible studies (k = 3) 
in each condition to be compared. Further, when examining for poten
tial effects of continuous moderators (i.e., reward amount difference), 
we observed a limited amount of variability across study designs. These 
analyses should thus be interpreted with caution.

A further limitation of the present study was our choice to limit our 
focus to studies that employed a MID-style, cue-probe paradigm to 
induce and investigate the effects of reward on cognitive performance. 
We elected to use this approach on the basis of robust evidence that has 
linked the MID paradigm with anticipatory activity in mesolimbic brain 
regions associated with reward processing, as well as its widespread use 
in the literature, in order to maintain a certain degree of cross-study 
consistency in the putative reward-related brain activity that the moti
vational manipulation was thought to induce and better isolate vari
ability associated with other task parameters of interest. However, the 
MID paradigm is one of several experimental paradigms used to study 
reward motivation effects on cognition; other studies have used sus
tained, block-level reward contexts (e.g., Locke and Braver, 2008), 
receipt of reward feedback without use of anticipatory cues (e.g., Gupta 
et al., 2024), or tasks whereby one kind of stimulus or task rule is linked 
with reward while others are not (e.g., Held et al., 2024). Future 
meta-analyses could investigate a wider range of designs integrating 
reward and cognitive performance to test whether our observed results 
generalize more broadly.

When we examined reward effects on cognitive control, we con
ducted meta-analyses separately for accuracy and RT outcomes. While 
this approach was taken intentionally, it also differs from other meta- 
analyses investigating reward effects on cognitive performance that 
have combined effect sizes from accuracy and RT outcomes (e.g., Burton 
et al., 2021; Swirsky et al., 2023). We argue that our approach provides 
greater precision and yields interesting insights regarding the benefit of 
reward on cognitive performance in terms of accuracy versus speed di
mensions, as described above, but want to note that this could limit 
comparisons with findings from prior meta-analyses examining moti
vated cognition that have combined effects on speed and accuracy. We 
also note that we examined reward effects on cognitive control in terms 
of global accuracy and speed instead of examining reward effects on 
interference costs (i.e., the difference in performance outcome between 
conditions higher versus lower in control demand, such as incongruent – 
congruent trials). Interference costs have been used to characterize 
cognitive control more specifically than global performance does (Kiesel 
et al., 2010; Sternberg, 1969; although see Hedge et al., 2022 for con
cerns regarding the use of interference costs for measuring cognitive 
control), in which case examining the effect of reward on interference 
costs (i.e., the Reward × Task Condition interaction term) might provide 
a more specific characterization of reward effects on control processes. 
Indeed, some prior work has suggested that in conflict-based paradigms, 
reward might benefit performance on incongruent trials more than on 
congruent trials, leading to the presence of significant Reward x Task 
Condition interactions (e.g., Chiew and Braver, 2016). This may be an 

important effect, beyond the main effect of reward on cognitive control 
task performance, for future meta-analytic efforts to examine more 
systematically.

30. Conclusion

The current study provides a meta-analytic review of empirical 
literature on the relation between reward anticipation and cognitive 
performance in the cognitive control and episodic memory domains. We 
observed evidence that the magnitude of the reward anticipation effect 
might differ across cognitive outcomes, with the largest effects on 
cognitive control response speed, the smallest effects on cognitive con
trol accuracy, and effects on memory accuracy intermediate between the 
two. We further observed evidence for potential publication bias in the 
literature, with a tendency towards larger effect sizes for smaller sam
ples, as well as significant between-study heterogeneity across all three 
outcomes, suggesting the presence of moderator variables. When testing 
for potential moderators, we observed that variations in reward ma
nipulations as well as in aspects of task design were associated with 
changes in reward effect size, but variations in trial event timing were 
not. While a larger number of moderator variables were observed to be 
significant for memory accuracy than for either cognitive control ac
curacy or RT, significant moderators were observed across all three 
outcomes. This evidence indicates that reward effects on cognitive 
performance might be highly sensitive to contextual parameters and that 
study-level variability in experimental designs may account for signifi
cant variability in observed results. Given these observations, we argue 
that understanding and accounting for potential sources of contextual 
variability, along with individual- and group-level variability, will be 
necessary to advance a comprehensive account of motivated cognition 
and its effects on human behavior.
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Frömer, R., Lin, H., Dean Wolf, Inzlicht, M., Shenhav, A., 2021. Expectations of reward 
and efficacy guide cognitive control allocation. Nature communications 12 (1), 
1030.

Gholston, A.S., Thurmann, K.E., Chiew, K.S., 2023. Contributions of transient and 
sustained reward to memory formation. Psychol. Res. 87 (8), 2477–2498.

Gilbert, A.M., Fiez, J.A., 2004. Integrating rewards and cognition in the frontal cortex. 
Cognitive, Affective, & Behavioral Neuroscience 4 (4), 540–552.

Gimbel, S.I., Brewer, J.B., 2011. Reaction time, memory strength, and fMRI activity 
during memory retrieval: Hippocampus and default network are differentially 
responsive during recollection and familiarity judgments. Cogn. Neurosci. 2 (1), 
19–26.

Giuffrida, V., Marc, I.B., Ramawat, S., Fontana, R., Fiori, L., Bardella, G., Pani, P., 2023. 
Reward prospect affects strategic adjustments in stop signal task. Frontiers in 
Psychology 14, 1125066.

Goschke, T., Bolte, A., 2014. Emotional modulation of control dilemmas: the role of 
positive affect, reward, and dopamine in cognitive stability and flexibility. 
Neuropsychologia 62, 403–423. https://doi.org/10.1016/j. 
neuropsychologia.2014.07.015.

Gower, T., Pham, J., Jouriles, E.N., Rosenfield, D., Bowen, H.J., 2022. Cognitive biases in 
perceptions of posttraumatic growth: A systematic review and meta-analysis. Clin. 
Psychol. Rev. 94, 102159.

Grace, A.A., 1991. Phasic versus tonic dopamine release and the modulation of dopamine 
system responsivity: a hypothesis for the etiology of schizophrenia. Neuroscience 41 
(1), 1–24. Retrieved from. http://www.ncbi.nlm.nih.gov/pubmed/1676137.

Grogan, J.P., Randhawa, G., Kim, M., Manohar, S.G., 2022. Motivation improves 
working memory by two processes: Prioritisation and retrieval thresholds. Cognitive 
Psychology 135, 101472.

Gruber, M.J., Otten, L.J., 2010. Voluntary control over prestimulus activity related to 
encoding. Journal of Neuroscience 30 (29), 9793–9800.

Gruber, M.J., Ritchey, M., Wang, S.F., Doss, M.K., Ranganath, C., 2016. Post-learning 
Hippocampal Dynamics Promote Preferential Retention of Rewarding Events. 
Neuron 89 (5), 1110–1120. https://doi.org/10.1016/j.neuron.2016.01.017.

Gruber, M.J., Watrous, A.J., Ekstrom, A.D., Ranganath, C., Otten, L.J., 2013. Expected 
reward modulates encoding-related theta activity before an event. Neuroimage 64, 
68–74.

Guitart-Masip, M., Huys, Q.J.M., Fuentemilla, L., Dayan, P., Duzel, E., Dolan, R.J., 2012. 
Go and no-go learning in reward and punishment: interactions between affect and 
effect. Neuroimage 62 (1), 154–166.

Gupta, R.S., Simmons, A.N., Dugas, N.N., Stout, D.M., Harlé, K.M., 2024. Motivational 
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