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Abstract 

Mobile digital technologies provide ample incentives and opportunities for media-

multitasking, and media consumption has become almost synonymous with media-

multitasking as a result. Concerns have been raised about the potential sustained 

impact of media-multitasking on attentional control, and ample empirical studies have 

been devoted to this topic. However, recent reviews and meta-analyses demonstrate 

that cross-sectional outcomes on the relationship between media-multitasking and 

attentional control remain inconsistent and inconclusive. This obstructs theoretical 

advancement regarding sustained impact and, consequently, hinders clear insight into 

the question about whether, when, and for whom remedial interventions should be 

considered. In the current paper, we argue that extant research has suffered from a 

collective failure to consider relevant intra-individual variation in attentional control. 

We investigate the theoretical and methodological implications of this neglect for the 

study of sustained media-multitasking effects on attentional control, outlining the 

tenets of a theory-driven research agenda to guide a new generation of cross-sectional 

studies. These will be much needed in providing the evidence base to justify and inform 

more resource-intensive causal research in this field. 
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Introduction 

With more than half of the global population actively engaging with digital technologies (Statista, 2025), concerns 

about their influence on our attention have gained increasing prominence in both scientific and popular discourse 

(Capraro et al., 2025; Carr, 2010). At the heart of these concerns is media-multitasking—the simultaneous use of 

media streams, sources, or content alongside another (media or non-media) task (Parry & le Roux, 2021). The 

ubiquitous availability of mobile devices like smartphones and laptops provides users with near constant access 

to the internet and its instantly gratifying affordances, fostering both opportunities and incentives for media-

multitasking. There is now broad consensus that media-multitasking imposes immediate costs in primary task 

control and performance (e.g., Baumgartner et al., 2024; May & Elder, 2018). This has raised the central concern 

that—through its systematic disruption of goal-directed activities—media-multitasking may lead to sustained 
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changes in the ability to effectively allocate limited attentional resources in line with current goals (Carr, 2010; 

Ophir et al., 2009). Hence, over the last two decades, a wealth of empirical work has investigated if and how high-

levels of media-multitasking affect attentional control beyond the moments of actual engagement with 

multitasking (for reviews see Parry & le Roux, 2021; Uncapher & Wagner, 2018; Wiradhany & Nieuwenstein, 2017).   

Despite these efforts, we still lack a robust answer as to the nature and extent of sustained effects of media-

multitasking on attentional control (Baumgartner et al., 2024; Uncapher & Wagner, 2018). The reason for this may 

be twofold. First, with a few notable exceptions (Baumgartner et al., 2018; Parry et al., 2020; Ralph et al., 2020), 

most studies in this area have relied on cross-sectional designs, leaving the issue of causality unresolved (Chen et 

al., 2025; Uncapher & Wagner, 2018). Observed correlations between media-multitasking and attentional control 

may indicate a causal effect of the former on the latter, but they may also stem either from reversed causality 

whereby individuals with pre-existing cognitive profiles are more likely to engage in media-multitasking (Ralph et 

al., 2014), or from unmeasured ‘third variables’ that independently affect both media-multitasking and attentional 

control (Murphy et al., 2024). Testing for causal impact requires longitudinal randomized trials and/or intervention 

studies in which media-multitasking is manipulated. 

Second, the existing body of cross-sectional evidence is marked by inconsistent findings (Parry & le Roux, 2021; 

Uncapher & Wagner, 2018; Wiradhany & Nieuwenstein, 2017). For example, correlations between media-

multitasking and task-switching costs have been found to be positive, absent, or negative across studies (Parry & 

le Roux, 2021). Such inconsistency is particularly problematic because cross-sectional studies are typically 

expected to serve as foundational ‘scouts’ that inform the development of more resource-intensive causal 

research. Given the high resource demands of longitudinal randomized trials and intervention studies, robust and 

replicable correlational findings are essential for justifying these efforts and for increasing the likelihood that they 

target meaningful effects. 

Thus, the field needs an answer to a critical question: Why has the current body of research failed to produce robust 

results? One potential explanation lies in the measurement of media-multitasking, which is typically assessed via 

self-report instruments known to suffer from both theoretical and practical limitations (Parry & Fisher, 2025). We 

will briefly return to this important issue later. Critically, however, we here argue that another important reason 

concerns the theoretical grounding of attentional control and (by extension) its assessment. Specifically, we 

propose that the field has suffered from a systematic neglect of intra-individual variation in attentional control. In 

the current paper, we develop this argument and outline its relevance for theory-driven studies on the relationship 

between media-multitasking and attentional control. To facilitate the reader, Table 1 provides a glossary of 

relevant concepts (printed in bold for first mention in main text). 

Current State-Of-The-Art on Media-Multitasking Effects 

Since the seminal paper by Ophir et al. (2009), media-multitasking effects on attentional control are – implicitly or 

explicitly—framed within the selective attention model that understands attentional selection from the 

interaction between bottom-up and top-down processes (Theeuwes, 2010). Top-down attention, here referred to 

as attentional control, refers to selective attention being guided in a goal-directed mechanism based on the 

observer’s intentions, expectations, and knowledge. Conversely, bottom-up attention refers to stimulus-driven 

processes operating independently of the observer’s goals, in which attention is captured by salient input (e.g., 

loud noise; Corbetta & Shulman, 2002). The association between media-multitasking and attentional control, then, 

has mostly been framed as heavy media-multitaskers displaying relatively low top-down control and more potent 

bottom-up capturing of attention. This systematically hinders their ability to filter out distractions – leading to 

breadth-biased attention (e.g., Ophir et al., 2009; Uncapher & Wagner, 2018). 

Different mechanisms have been proposed to underlie this breadth-biased attention hypothesis (alternatively 

coined the scattered-attention hypothesis; Van der Schuur et al., 2015). Some proposals do not assign a causal 

role to media-multitasking, such as the self-selection hypothesis (Ralph et al., 2014) or the strategic hypothesis 

(Ralph & Smilek, 2018). Yet, most previous studies center on the concern that media-multitasking can have 

sustained effects on attentional control, proposing a causal link whereby media-multitasking behavior serves as a 

training ground that shapes attentional control (i.e., training logic). On the one hand, this includes cases in which 

media-multitasking leads to diminished (top-down) attentional control (i.e., deficit-producing hypothesis; Ralph 

et al., 2014). For example, it suggests that repeatedly attending to external distractions (outsourcing top-down to 

bottom-up control) weakens the individual’s top-down control of attention. On the other hand, training via media-

multitasking may enhance the workings of attention control (i.e., gain-producing hypothesis) such as reported 



 

by Alzahabi and Becker (2013) for goal-directed switching between tasks. In either case, the logic is that systematic 

changes in information processing demands due to frequent media-multitasking may gradually strengthen (train) 

or weaken (untrain) our capacity to focus or switch attention. 

Table 1. Glossary of Concepts. 

Concept Definition 

Attentional control 
Cognitive mechanisms that steer the prioritization of relevant over less 

relevant information (cf. top-down attention) 

Breadth-biased attention 
Mental state in which attention is distributed broadly, rather than being 

narrowly focused on currently relevant stimuli 

Control identity  
Here used interchangeably with ‘control function’, distinguishing task-focus 

from switch-readiness. 

Control intensity The level of control being invested at any specific moment 

Control-learning 
The notion that patterns of attentional control are shaped through (recent or 

repeated) experience 

Deficit-producing hypothesis 
The view that frequent media-multitasking causes long-term impairments in 

cognitive functioning 

Delay discounting The subjective value of reward decays in function of time to reward receipt 

Gain-producing hypothesis 
The view that frequent media-multitasking enhances cognitive functioning in 

certain domains 

Intrinsic manifold 
The “default” energy-efficient region of an agent’s neural state space, 

corresponding to minimum control investment 

Motivated-control Decisions on control intensity (and duration) made via cost-benefit analyses 

Opportunity cost 
The presence of alternative tasks that could be reaped for reward in the time 

now spent on the current task 

Selective attention 
Moment-to-moment cognitive process of selectively prioritizing one piece of 

information over others 

Self-selection hypothesis 

The view that pre-existing levels of top-down control result in different levels 

of media-multitasking, as people with poorer attentional control may self-

select into media-multitasking behaviors. 

Strategic hypothesis 
The view that individual differences in media-multitasking reflect the strategic, 

intentional adoption of reduced top-down control in heavy media-multitaskers 

Training logic 

The notion that media-multitasking poses specific cognitive demands to the 

user, such that frequent and systematic engagement to it can leave sustained 

traces in cognitive functioning over time. 

Tripartite model 

Framework proposing that attention is shaped by three interacting forces—

top-down goals (attentional control), bottom-up salience (stimulus-driven 

capture), and selection history (capture by past experience/habits) 

 

The cross-sectional research strategy for testing the training logic has generally followed a standard protocol in 

line with the seminal work by Ophir et al. (2009): Self-reported media-multitasking scores are correlated with (self-

report or performance-based) measures of attentional control. It is this strategy that has produced a large set of 

inconsistent findings (Parry & le Roux, 2021; Uncapher & Wagner, 2018; Wiradhany & Nieuwenstein, 2017). We 

believe that this may be a result of the use of classical control tasks (e.g., Stroop task, task-switching task) to index 

attentional control and individual differences therein. Specifically, these tasks provide ‘snapshot’ measures of 

control – which are valid indices of attentional control only under the assumption that attentional control is a 

relatively fixed, static capacity for each individual. Such snapshot measures fail to consider established intra-

individual fluctuations in attentional control. For example, during an experimental control task, some participants 

may be highly motivated and invest heavily in control, while others are not motivated at all (Cecutti et al., 2021). 

Below we outline in detail why and how the field should move beyond the notion of attentional control as a static 

capacity, and thus beyond the mere use of snapshot measures. 

Attentional Control 

The current paper aims to provide an updated research agenda for future studies by specifying several distinct 

mechanisms through which media-multitasking may exert sustained effects on attentional control. In preparation 

of that aim, however, here we first review core features of attentional control theory (summarized in Figure 1). 



 

Control Functions: Task-Focus and Switch-Readiness 

At the functional level, top-down attentional control can be broadly divided into processes related to task-focus 

and switch-readiness (see Figure 1; Egner, 2023), a distinction central to the field of media-multitasking effects 

(Uncapher & Wagner, 2018). Task-focus concerns the capacity to select the most relevant information and filter 

out distractors to achieve stable, goal-directed task performance. This focus may come in transient bursts to 

manage critical moments of task performance (e.g., enhancing focus on the traffic while driving a car after 

receiving a notification on your smartphone), or in a more sustained fashion during prolonged efforts (sustained 

attention; e.g., maintaining focus on the lecture content during a two-hour class). In the lab, task focus is often 

indexed using interference paradigms like the Stroop task. Participants are instructed to name the ink color of 

color-words as quickly and accurately as possible, while ignoring the word itself. Incongruent trials (e.g., the word 

BLUE in red ink) typically produce slower and less accurate responses than congruent trials (e.g., RED in red ink). 

This performance difference is the Stroop congruency effect – a measure for how well a participant focused on 

the relevant information (color) while filtering out the irrelevant word information. 

Next to task focus, effective attentional control requires the capacity to shift attention rapidly and efficiently 

between tasks (e.g., engaging in a WhatsApp conversation while cooking dinner). This is known as cognitive 

flexibility or switch-readiness (Egner, 2023) and is typically indexed via switch costs observed in task-switching 

tasks. For example, a task-switching protocol may involve showing participants on each trial a single-digit number 

(1–9, excluding 5) and providing a cue on each trial about which of two key-press tasks (e.g., magnitude versus 

parity decisions) to perform on the digit. A well-documented outcome is that responses are typically slower and 

more error-prone when participants must switch tasks between trials, as compared to trials where the task 

repeats. This switch cost serves as an index for the level of readiness to switch. 

Figure 1. Summary of the Relationships Between Core Aspects of Attentional Control Theory. 

 

Note. The figure content is explained in detail across the section “Attentional Control” of the main text. The top part of the figure displays a 

breakdown of attentional control in two major functions (task-focus and switch-readiness). For each, the aim is to signal the optimal level of 

control investment (intensity) given the current situation (situational regulation), always within the individual bandwidth of control capacity 

(dial-icon). Here, this is elaborated on only for task-focus (but similar ideas hold for switch-readiness). Motivated-control concerns an effortful 

cost-benefit decision-making process in which cost (effort and opportunity cost; indicated by minus -sign) and benefit (subjective valuation of 

task pay-offs; indicated by plus-sign) information is collected and discounted to decide on the intensity of a control signal (the role of investment 

duration is discussed in main text, but not depicted here). This decision-making process itself requires effort (decision-making effort), and can 

be circumvented via control-learning (dashed-line: damping of effortful decision-making): Regularity in terms of control demands allow the 

ultimate control signal to be directly probed. Finally, the agent comes with relevant states and dispositions (e.g., stress, restfulness, apathy). 

 

Traditionally, task-focus (cf. stability) and switch-readiness (cf. flexibility) have been considered as opposite ends of 

a single control spectrum, trading off against each other (stability-flexibility dilemma; Goschke, 2013; Hommel, 

2015; Hommel & Colzato, 2017). More recently, however, there has been growing support for the notion that task-

focus and switch-readiness are independent control functions (Egner, 2023; Geddert et al., 2025)—such that the 



 

intensities of task-focus and switch-readiness are not inversely yoked in an intrinsic manner. Here we (implicitly) 

adhere to such independence (cf. Figure 1) by discussing task-focus and switch-readiness in relative separation 

from each other (i.e., as distinct control identities; Shenhav et al., 2013)—but always from the implicit assumption 

that our claims and proposed mechanisms for one (e.g., task-focus) are also applicable to the other (e.g., switch-

readiness). Hence, the core message of what follows is not conditional on the outcome of this ‘opposite ends’ 

versus ‘distinct functions’ debate. 

Control Capacity 

An individual’s capacity for task-focus or switch-readiness is typically framed as a limited resource that can be 

mobilized to carry out instrumental behavior (Holroyd, 2025; Kahneman, 1973; Silvestrini & Gendolla, 2019). If we 

consider the lower bound of control capacity to serve as a baseline at which task engagement is at its lowest (yet, 

without disengaging), thus defaulting to the brain’s intrinsic manifold (Holroyd, 2025), more enhanced states of 

engagement are constrained by the upper bound of control capacity that indicates an individual’s maximal level 

of investment (cf. dial-icon in Figure 1). Indeed, some people can manage their attention more effectively than 

others due to genetic, cultural, developmental, or neurological factors (e.g., Hommel & Colzato, 2017), rendering 

inter-individual differences in this upper bound. 

The precise nature of the resource and its constraints is still a matter of debate (e.g., Holroyd, 2025; Kurzban et 

al., 2013; Musslick & Cohen, 2021; Pessiglione et al., 2025; Shenhav et al., 2017; Silvestrini & Gendolla, 2019). While 

some models assign all limitations in control investment to motivational status (e.g., Kurzban et al., 2013), most 

models assume some (structural or systemic) hard upper bound to the level of control that an individual can invest 

(Shenhav et al., 2017; Pessiglione et al., 2025; Holroyd, 2025). This may be due to, for example, metabolic 

constraints (e.g., depletable energy or build-up of neurotoxins; Holroyd, 2025; Pessiglione et al., 2025) or 

(functional) bottlenecks in computational processing (e.g., Musslick & Cohen, 2021; Shenhav et al., 2017). Here we 

relate control capacity to such hard upper bound in order to keep it strictly distinguished from the later discussed 

notion of situational regulation (in which control investments are situationally defined and motivationally limited). 

The hard upper bound of control investment can be seen as a fixed ‘control budget’ (cf. Thomson et al., 2015). 

Even with optimal motivation, control capacity is constrained both by limits in moment-to-moment control 

intensity (how much can be invested at once to meet task difficulty demands) and by the duration of investment 

(how long one can keep investing; cf. sustained attention). In terms of control intensity, one may ask how well a 

person can ignore the irrelevant word meaning on an incongruent Stroop trial (task-focus), or how smoothly one 

can switch between different tasks (switch-readiness) – under conditions of optimal motivation to achieve this. At 

the same time, one needs to ask how long this person can sustain this intensity (e.g., sustained attention) before 

defaulting to the intrinsic manifold. Hence, in terms of a physical analogy of muscle strength, capacity relates to 

both the maximum weight one can lift, and for how long one can lift this. Critically, as this analogy showcases, 

control intensity may trade-off with duration: the lesser the weight (i.e., the lower the control intensity), the longer 

one may be able to carry it (Thomson et al., 2015). 

Situational Regulation 

The intensity and duration with which control is invested, are assumed to be registered in the brain as a cost 

(Holroyd, 2025; Kool et al., 2017; Musslick & Cohen, 2021; Shenhav et al., 2017; Silvetti et al., 2018). As described 

by Shenhav et al. (2017), these effort costs may be divided into intrinsic costs (e.g., the above-mentioned metabolic 

or computational constraints) and opportunity costs (e.g., Kurzban et al., 2013). Effort cost protects the valuable 

control resource from being wasted: Enhanced states of task-focus and switch-readiness are (experienced as) 

effortful and, as a result, avoided when possible (Egner, 2023; Ileri-Tayar et al., 2025; Kool et al., 2010). Since the 

mobilization of attentional resources not only benefits performance, but also carries a cost, efficient attentional 

control requires the individual to not only have the capacity for task-focus and switch-readiness, but also to 

optimally exploit these capacities via situationally appropriate up- or down-regulation. Hence, the level of control 

that is invested at each moment (control intensity), as well as its duration, must be efficiently calibrated to current 

goals and control demands to prevent unnecessary costs. Such situational regulation characterizes state-of-the-

art control models (Egner, 2023; Lieder et al., 2018; Shenhav et al., 2013; Silvetti et al., 2018), and has received 

ample empirical support via demonstrations of intra-individual variation as a function of motivation  

(e.g., Padmala & Pessoa, 2011; Otto & Vassena, 2021) and learning (e.g., Crump et al., 2006; Sali et al., 2024). 



 

For example, concerning the role of motivation, both the Stroop congruency effect (Padmala & Pessoa, 2011) and 

the switch cost (Otto & Vassena, 2021) are known to be modulated by reward. When motivated to perform well by 

anticipated (higher) reward, attentional control can be enhanced by the individual to perform more effectively (i.e., 

smaller Stroop congruency effects, smaller switch costs). Hence, rather than constantly taxing their control 

capacity to the upper limit, individuals make a cost-benefit analysis (see cost-benefit decision in Figure 1) to decide 

how much control investment is warranted at each moment (cf. Lieder et al., 2018; Shenhav et al., 2013; Silvetti et 

al., 2018). As an analogy, the capacity to run (physical effort) has clear benefits in getting us from A to B faster. 

However, as running is intrinsically costly and will eventually wear us out, we need to carefully dose the effort in a 

situation-appropriate manner (e.g., only start running if this is required to catch the train). Humans do the same 

for both task-focus and switch-readiness, investing mental effort only when the net expected value of doing so is 

favorable (e.g., Shenhav et al., 2013; Silvetti et al., 2018). This can be referred to as motivated-control (Figure 1). 

Similarly, intra-individual variation in the Stroop congruency effect (Crump et al., 2006) and the switch cost (Sali et 

al., 2024) has been demonstrated as a function of control-learning (Figure 1; Abrahamse et al., 2016; Egner, 2023). 

For example, participants can detect and exploit statistical regularities in the task that are informative about 

upcoming control demands required for efficient performance (see regularity in Figure 1; Abrahamse et al., 2016). 

In environments where switching is the rule rather than the exception, a switch cost reduction occurs because the 

individual learns about the demands and places themself in a more enduring state of enhanced switch-readiness 

(i.e., list-wide proportion switching effect; Sali et al., 2024). Similarly, when the proportion of incongruent Stroop 

trials is higher than the proportion of congruent trials, an individual learns this regularity and can up-regulate task-

focus to efficiently manage the high demands – resulting in a smaller Stroop congruency effect (i.e., list-wide 

proportion congruency effect; Braem et al., 2019; Spinelli et al., 2019).  

Motivated control and control-learning can be jointly at play, and influence each other. For example, control-

learning may allow one to circumvent the effort stemming from the cost-benefit analyses that underlie motivated-

control (cf. Lieder et al., 2018). That is, next to control intensity scaling with its internal cost (cf. intensity effort in 

Figure 1), the shifting between different levels of intensity may incur an effort cost as well (see decision-making 

effort in Figure 1; Ileri-Tayar et al., 2025) – much like task switching requires effort. Such intensity shifting costs 

may be the result of the constant need for full analysis of costs and benefits, for monitoring of outcomes, and/or 

for endogenous implementation of appropriate downstream settings (Lieder et al., 2018; Shenhav et al., 2013). 

Consequently, people prefer task contexts that require less shifting in control intensity over time (Ileri-Tayar et al., 

2025). Taking advantage of environmental regularity that allows one to predict upcoming control demands, then, 

potentially lowers the burden of the decision and implementation processes that otherwise would be required to 

constantly calibrate intensity to control demands (Bustos et al., 2024). 

Overall, it follows that the theoretical grounding of media-multitasking effects on attentional control should 

distinguish between media multitasking effects on control capacity versus situational regulation (Figure 1). This 

distinction has been widely neglected in previous media multitasking research and the snapshot measures of 

attentional control they employed. 

Situational Regulation as an Interaction Between Task and Agent 

Both control-learning and motivated-control can steer an agent’s controlled engagement to a task. Such 

engagement ultimately stems from a continuous interaction between external, task-based factors, and a host of 

agent-based mental operations and states (see agent versus task in Figure 1). Without aiming for completeness, 

below we discuss some of these factors. 

Control-learning principally relies on the statistical structure of the task or environment (see regularity in Figure 1; 

Abrahamse et al., 2016): Without regularity, the cognitive system lacks the scaffolding needed to identify and 

internalize predictive cues that signal when and how much control should be invested. This task-based factor is 

then met by several agent-based factors in guiding control investments. For example, control-learning is often 

modeled with reinforcement learning frameworks, which include a learning rate that determines how quickly 

control-relevant information is learnt (e.g., Jiang et al., 2014). Because the relevant information for anticipating 

control demands may be accrued over various timescales, the learning rate itself must be adaptable to these 

temporal dynamics–a property referred to as learning rate malleability (Jiang et al., 2014; Simoens et al., 2025). 

These state parameters determine the effectiveness of control-learning in a specific context. 



 

For motivated-control, relevant task-based factors include task difficulty and pay-off structure. Hence, tasks differ 

both in the extent to which stimulus-response (S-R) rules (see Figure 1) require processes that deviate from default 

processing (for example, due to the presence of interference or time constraints), and in the size and likelihood of 

the pay-offs (see Figure 1) that they afford in terms of rewards (e.g., monetary gains, social gains, course credit, 

learning progress) and punishment. These task-based factors are then again met by agent-based factors to 

determine the level of control investment (see Figure 1). For example, to determine the overall value that can be 

reaped from a task, pay-off information is integrated with the agent’s perceived efficacy of controlled engagement 

(i.e., will enhanced control intensity increase the likelihood of pay-off?; Frömer et al., 2021), delay discounting of 

reward (Myerson & Green, 1995), and the agent’s perspective on the current reward landscape that determines 

subjective reward valuation (Otto & Vassena, 2021). 

Indeed, these cost-benefit analyses are themselves affected by general states and dispositions that an agent is in 

(see Figure 1). For example, states of mental fatigue can increase the perceived cost of mental effort and thus 

affect motivated-control investments (Matthews et al., 2023; Müller et al., 2021). This renders factors such as sleep 

and stress relevant for attentional control (see below). Moreover, pay-off processing may be influenced by states 

of stress and depression, as these are related to decreased reward sensitivity (Lamontagne et al., 2022). Finally, 

motivated-control may cease to drive engagement in more general dispositions of reduced motivation, such as 

apathy (a generally reduced desire to engage in activities; Husain & Roiser, 2018). 

In sum, situational regulation derives from a broad interplay between internal (agent-based) and external (task-

based) factors (cf. Figure 1), which should be considered when aiming for an updated research agenda in the field 

of media-multitasking effects on attentional control. 

Research Agenda 

We have argued that previous work on media-multitasking effects has been too narrowly focused on (an 

underspecified notion of) top-down control as a trainable capacity that can be captured in snapshot measures of 

control – while neglecting relevant intra-individual variation. In this section, we lay out the theoretical and 

methodological foundations of a research agenda designed to address these gaps. The central question guiding 

this research agenda is: How can general patterns of media-multitasking generate sustained effects on task-focus 

and/or switch-readiness as measured in laboratory tasks1? We hypothesize potential direct or indirect 

mechanisms2 that should be explored for their feasibility in future cross-sectional studies (see Table 2 for an 

overview), and, where promising, followed up with causal research in later steps. Rather than offering an 

exhaustive list, we aim to illustrate how attentional control theory can inform new directions in reasoning about 

media-multitasking effects. 

Critically, while we focus on attentional control, these proposed mechanisms also hold implications for the 

corresponding assessment of media-multitasking. Specifically, the composition of a self-report assessment of 

media-multitasking – which is still the gold standard in the field (cf. Parry & Fisher, 2025)—should be customized 

to the specific aspect of attentional control being targeted, asking the question about what type(s) and/or aspects 

of media-multitasking behavior are theoretically predicted to affect this specific aspect of attentional control. Such 

theory-driven customization will further drive dedicated tests of potential mechanisms underlying the association 

between media-multitasking and attentional control. 

Control Capacity (Direct Impact) 

How might media-multitasking train the agent into sustained changes to the upper capacity bound of attentional 

control? Theorizing on the potential for training of control capacity is generally hampered by the unclear nature 

of the resource as well as of the limitations imposed on it (see above). One may speculate that media-multitasking 

results in metabolic constraints to be structurally tightened or relaxed, or in structural changes to the 

computational architecture in terms of managing representational overlap (cf. Musslick & Cohen, 2021; Shenhav 

et al., 2017), but, as far as we are aware, support for the plausibility of such trainability is lacking. Importantly, 

dedicated control training studies have generally failed to observe clear transfer to non-trained control tasks (e.g., 

Melby-Lervåg et al., 2013; Shipstead et al., 2012), suggesting that training is highly task-specific and does not apply 

at the level of a more general resource. Hence, the basis for predicting direct media-multitasking effects on the 

(hard) upper bound of control capacity, is delicate both theoretically and empirically. 



 

Table 2. A Set of Hypotheses About Sustained Impact of Media-Multitasking on Attentional Control. 

Hypothesis Target Impact Potential explanation Example prediction 

Capacity 

Control capacity 

(intensity) 

Direct 

MM (un)trains the upper 

bound of control capacity 

MMI correlates with control 

measures obtained under 

high on-task motivation 

Control capacity 

(duration) 

MM (un)trains the upper 

bound of control capacity 

MMI correlates with the time-

span that people can sustain 

control under high on-task 

motivation 

 Situational Regulation    

Online-vigilance 

 
Motivated control: Cost Direct 

MM generates chronic 

media-related goals that 

elevate the cost of control 

for primary task 

Online vigilance mediates 

between MMI and control 

measures obtained under 

high on-task motivation 

Mental-fatigue 

 
Motivated control: Cost Indirect 

Cost of control is elevated 

due to chronic mental 

fatigue deriving from MM 

behavior 

Measures of fatigue-driving 

factors (e.g., sleep quality, 

stress) mediate between MMI 

and control measures 

obtained under high on-task 

motivation  

Control-benefit 
Motivated control: 

Benefit 
Direct 

MM affects primary task 

engagement via perceived 

efficacy of control, delay 

discounting, or relative 

reward valuation 

Efficacy: Control investments 

differ between performance-

contingent versus 

performance-non-contingent 

rewards, and more so for light 

than heavy media-

multitaskers. 

General-dispositions Motivated-control Indirect 

MM chronically affects 

motivation for activities in a 

non-selective manner 

Motivational disposition 

measures mediate between 

MMI and control measure 

Control-learning 

 
Control-learning Direct 

High volatility of the MM 

environment gradually 

weakens the agent’s ability 

to adaptively calibrate the 

learning rate 

List-wide proportion 

congruency or switching 

effects correlate with MMI 

(controlling for online 

vigilance) 

Degraded-regularity Control learning Indirect 

Online vigilance interferes 

with the learning of 

regularities in the control 

task 

Online vigilance mediates 

between list-wide proportion 

congruency or switching 

effects and MMI 

Note. Relevant control variables are not explicitly listed. MM = media-multitasking; MMI = media-multitasking index. 

 

Nevertheless, media-multitasking research may provide a promising angle from which to explore the (still intuitive) 

notion of a trainable control capacity (capacity hypothesis; Table 1), which can be approached in terms of control 

intensity and duration (i.e., time spent on task). To accurately test the capacity hypothesis in terms of control 

intensity, task-focus or switch-readiness need to be measured in designs that maximally induce on-task 

motivation—to reduce individual differences that are related to motivation rather than control capacity (cf. Cecutti 

et al., 2021). Previous work has failed to do so by using classical ‘snapshot’ control measures in which situational 

regulation—and specifically motivated-control – is not accounted for. For example, if one predicts from training 

logic that extensive media-multitasking will affect the upper bound of switch-readiness capacity, one needs a task-

switching task that includes incentives for good performance to increase the willingness to invest effort (i.e., 

enhance control). Inspired by Ham et al. (2022), this can be achieved by examining switch costs as a function of 

increasing reward. Stepwise increases in reward size across blocks will allow researchers to determine the 

individual’s maximal capacity to invest control, represented by the moment that the switch cost no longer reduces 

with reward increase. This minimum-sized switch cost should then be correlated with media-multitasking scores 

to test for the plausibility of the mechanism. Similarly, studies focusing on the upper bound of task-focus may 

apply the same motivation induction to a conflict task such as the Stroop task (Ham et al., 2022). 

Capacity bounds are a matter not only of control intensity, but also of duration (e.g., Shenhav et al., 2017). The 

latter has been considered in measures of sustained attention taken from continuous performance tasks such as 



 

the Gradual Onset Continuous Performance Task (grad-CPT; Esterman et al., 2013) or related tasks (e.g., SART; 

Robertson et al., 1997). Measuring task-focus after prolonged task commitment may allow one to determine the 

moment that an agent defaults to the intrinsic manifold (i.e., floor effects in control investments). Critically, this 

again should be investigated under high motivation in order to distinguish capacity effects from motivationally 

induced effects. Indeed, performance incentives have been shown to delay individuals from reaching their low in 

sustained attention (Esterman et al., 2014). Since sustained attention tasks have shown relatively robust 

correlations with media-multitasking indices in the past (e.g., Shin et al., 2024; Parry & le Roux, 2021), we thus 

recommend that future studies use continuous performance tasks under high-on task motivation when targeting 

task-focus capacity. Similar reasoning can be applied to task-switching tasks to study switch-readiness capacity.  

Critically, from a potential trade-off between control intensity and duration (cf. Thomson et al., 2015), the most 

ecological manner for determining control capacity (and its association to media-multitasking) would be an 

experimental design that considers both. For example, in the case of task-focus, one could present participants 

with a substantially prolonged version of the Stroop task (under incentivized, high on-task motivation) and explore 

the association between the Stroop task performance and media-multitasking as a function of both the Stroop 

congruency effect (control intensity) and its development over time (duration). Similarly, for switch-readiness, an 

extended task-switching task can be used. The challenge, however, would be to find a way to combine the findings 

for intensity and duration in order to come to an integrated conclusion as to control capacity. 

Finally, next to actively manipulating motivation, the study of control capacity needs to consider confounding 

variables that are independently related to both media-multitasking and attentional control. For example, 

impaired sleep (e.g., Baumgartner, 2022; Hale et al., 2024) and/or stress (e.g., Freytag et al., 2021; Xu et al., 2022) 

as the result of media-multitasking could undermine an individual’s ability to perform up to control capacity, even 

when effort incentives are present. If relations between media-multitasking and control measures are driven by 

such mediating variables, their interpretation would be fundamentally different from training logic. Future 

research should determine these potential confounds and control for their impact when exploring control 

capacity. 

Overall, we argue that – if it can be theoretically grounded – a new generation of correlational studies is needed 

to test the capacity hypothesis, assessing the intensity and/or duration of control under high motivation while 

controlling for variables that can mediate the relationship between media-multitasking and control (e.g., stress, 

sleep).  

Situational Regulation 

The systematic neglect of intra-individual variation in control has not only resulted in a methodologically flawed 

exploration of media-multitasking effects on control capacity, but has also prevented theoretical discussions and 

empirical tests of the possibility that situational regulation itself can be impacted by media-multitasking. Indeed, 

whereas predictions for control capacity may currently not be so well-grounded theoretically and empirically (see 

above), situational regulation should be considered intrinsically malleable—rendering motivated-control and 

control-learning plausible targets of sustained media-multitasking effects. When approaching sustained impact of 

media-multitasking through the lens of situational regulation, we are looking for candidate mechanisms via which 

media-multitasking behavior can (directly or indirectly) alter the main parameters underlying situational regulation 

in relatively enduring ways. Below we discuss several such candidate mechanisms (summarized in Table 2). 

Online Vigilance (Direct Impact) 

Rather than direct impact on control capacity at the structural level (i.e., a change in the hard upper bound of 

control capacity), media-multitasking may have sustained and direct influence on the cost of control and thus on 

available control capacity. Given a fixed level of benefit (rewards) to be reaped from a primary task, then, this may 

still systematically reduce the intensity or duration of control investments in the primary task due to chronically 

affected cost-benefit analyses. 

This may occur in cases of high online vigilance (online vigilance hypothesis; Table 1). Media-related activities are 

often instantly followed by gratification (e.g., social connection, social validation, curiosity fulfillment, 

entertainment), and, through constant reinforcement, chronic media-related goals may gradually form in the 

user’s mind (cf. Hommel, 2022; Oberauer, 2024). As such, while performing a primary task (and holding active its 



 

corresponding goal), media users may systematically carry with them additional active goals related to media 

activities – even when not physically engaged with related devices. This has been coined ‘online vigilance’ (Reinecke 

et al., 2018), and implies that media-related stimuli are not mere ‘distractors’ but actually stimuli constantly worthy 

of checking for (cf. Wiradhany et al., 2021). Since people multitask primarily because they entertain multiple active 

goals at the same time (Szumowska and Kruglanski, 2022), online vigilance may thus sustain mental modes of 

media-multitasking even when formally only occupied with the primary task. This comes with mental effort costs 

that are relatively enduring since online vigilance is a chronic state (i.e., trait-like). 

Critically, the pressure of online vigilance may be especially strong for heavy media-multitaskers. First, since 

media-multitasking is increasingly the dominant type of media consumption (e.g., Toth et al., 2025), heavy media-

multitaskers are more engaged with media in general. Second, media-visits occurring under multitasking 

conditions may be especially driven by the search for instant gratification (Wang & Tchernev, 2012), such that 

media-multitasking episodes are more strongly reinforced than non-multitasking media visits. As a result, media-

multitasking reinforces online vigilance, and these have indeed been observed to be associated with each other 

(le Roux & Parry, 2022; Reinecke et al., 2018).  

This above proposal can be related to various other frameworks. For example, online vigilance can be reframed 

in terms of opportunity cost (Kurzban et al., 2013; Shenhav et al., 2017). That is, the chronic goal to pursue specific 

media-related tasks renders an enduring, systematically present opportunity cost (e.g., Shin & Murphy, 2025)—

since engagement in a primary task (e.g., a Stroop task in the lab) forgoes the opportunity of reaping the rewards 

of alternative, media-related tasks that are constantly within reach. This is in line with studies showing that being 

aware of alternative activities results in larger opportunity costs for the current activity (Struk et al., 2020; Tam & 

Inzlicht, 2024). As another example, the online-vigilance hypothesis may also be related to value-driven attentional 

capture (cf. tripartite model of attentional selection; Awh et al., 2012). Specifically, media use and the instant 

gratification it affords, may ‘enrich’ our environment with a higher density of stimuli that carry a strong reward 

history, thus enhancing the constant pressure of attentional capture on the agent. 

Empirically, the online vigilance hypothesis could be approached, for example, by assessing the extent to which 

online vigilance (e.g., Online Vigilance Scale; Reinecke et al., 2018)—as a proxy for the extent that media-related 

activities are chronically active in mind—mediates the relationship between media-multitasking and control as 

measured under high on-task motivation (see above). This can be done for both task-focus and switch-readiness. 

Chronic Mental Fatigue (Indirect Impact) 

Mental fatigue results in a generic avoidance of mental effort, and can thus be understood as a relatively sustained 

elevation in the cost of control (e.g., Pessiglione et al., 2025). As such, variables that mediate between media-

multitasking and chronic states of mental fatigue can drive indirect impact (mental-fatigue hypothesis; Table 1). For 

example, impaired sleep has been related both to media consumption and media-multitasking (e.g., Ahmed et al., 

2025; Baumgartner, 2022; Hale et al., 2024), and to chronic mental fatigue (e.g., Ishii et al., 2014; Kayser et al., 

2022), grounding the hypothesis that media-multitasking may chronically elevate the cost of control through its 

direct impact on sleep quality and/or quantity. A similar type of reasoning can be applied to psychosocial stressors. 

Media-multitasking may result in more intense and/or more extensive stress sources (e.g., Freytag et al., 2021; Xu 

et al., 2022) that drive states of chronic mental fatigue (e.g., Kocalevent et al., 2011; Kunasegaran et al., 2023). The 

relationship between media-multitasking and stress may be further mediated by, for example, online vigilance 

(Hefner & Vorderer, 2016; Petkovski et al., 2025). Indeed, sleep and stress may even team up and mutually enhance 

each other (e.g., Âkerstedt, 2006) in driving indirect impact. It is important to note, however, that support for the 

above pairwise associations of media-multitasking with sleep health and psychosocial stress for a large part stem 

from cross-sectional studies themselves—thus introducing further causality questions into the chain of impact. 

Overall, besides rendering sleep and stress measures as relevant control variables (see above), in their relationship 

to chronic mental fatigue they may provide an indirect yet interesting mechanism for sustained media-

multitasking effects on attentional control. This predicts that sleep and stress measures mediate the relationship 

between media-multitasking and control measured under high on-task motivation. 

Control-Benefit Analyses (Direct Impact) 

In motivated-control, the brain decides when and how much control to invest based on ongoing cost-benefit 

analyses (Shenhav et al., 2013; Silvetti et al., 2018). Could media-multitasking sustainedly affect primary task 



 

motivation by ‘training’ the agent’s brain into altered benefit calculations (control-benefit hypothesis; Table 1)? 

Theoretically grounded mechanisms may exist for delay discounting, control efficacy, and relative reward 

valuation (Figure 1). 

For example, the valuation of a reward decreases when it follows the instrumental behavior with a delay (delay 

discounting), and this delay-discounting parameter may be affected by media-multitasking. Through its tendency 

to yield immediate gratification (e.g., a “like” or entertaining video clip), media-multitasking gradually conditions 

the brain to seek out small and immediate rewards. This renders the delayed, larger rewards of focused work (e.g., 

studying for an exam, or performing well on an experimental task for course credit) to carry lower expected value, 

reducing the general willingness to invest high control for longer-term goals. This would imply a sustained move 

towards instant gratification in heavy media-multitaskers (cf. Schutten et al., 2017). Empirically, this would predict 

that measures of delay discounting (e.g., discounting rate; Madden et al., 2003; Schutten et al., 2017) mediate the 

relationship between media-multitasking and (snapshot) control measures taken from (task-focus or switch-

readiness) tasks in which all participants pursuit the same delayed reward (e.g., course credit needed to pass a 

course)—while controlling both for intrinsic gratifications (e.g., mastery of the task) and other motivation-relevant 

factors (see below). 

As another example, media-multitasking may impact an agent’s estimated benefits of increasing control (i.e., 

reduced perceived efficacy of control; Frömer et al., 2021). Through frequent engagement with tasks and 

processing of (media-related) stimuli outside the scope of the primary task, media-multitasking may lead to 

relatively shallow engagement with primary tasks (e.g., reduced reflection due to online vigilance). This may 

obscure the detection of associations between control intensity and performance on primary task, and such 

systematically reduced credit assignment may gradually weaken the agent’s sustained efficacy beliefs. This can be 

investigated empirically with control tasks (e.g., Stroop task or task-switching task) in which expectations of reward 

are dissociated from efficacy—for example by providing equal-sized rewards in a performance-contingent versus 

performance-non-contingent manner (cf. Frömer et al., 2021). Sustained media-multitasking effects on perceived 

control efficacy would predict that performance differences between trials with performance-contingent versus 

performance-non-contingent rewards is larger for light (as compared to heavy) media-multitaskers. 

Finally, it has been demonstrated that reward influences (motivated) control investments based on current reward 

size relative to other proximal rewards (Otto & Vassena, 2021). This suggests that motivation to exert control on 

primary tasks in daily life may diminish when individuals are psychologically engaged with highly rewarding media 

activities, even in the absence of physical interaction with media devices (i.e., psychological connectedness). 

Specifically, having constantly in mind the size of rewards that are within reach by switching away from the primary 

task to media-related activities, may set a chronic reference point to which primary task rewards are compared—

potentially devaluing the latter in a sustained manner. In support of this, it has been shown that the motivation 

for controlled engagement with a primary task (e.g., doing homework) trades off with the tendency for (task-

unrelated) media-multitasking (e.g., Calderwood et al., 2014). Indeed, this comes close to the above-described 

online-vigilance hypothesis—but now framed in terms of (reduced) benefits rather than (increased) opportunity 

costs. The feasibility of this mechanism can be tested cross-sectionally by assessing media-multitasking and 

(snapshot) performance on a control-demanding task (e.g., Stroop or task-switching task), and explore mediation 

of their relationship by on-task motivation (e.g., a scale that taps into Stroop task-specific motivation). 

General Dispositions (Indirect Impact) 

Rather than directly affecting the computational cost-benefit decision process underlying primary task 

engagement, media-multitasking may also have sustained but indirect effects via affective or motivational 

dispositions that reduce the tendency to commit to activities generally (general-dispositions hypothesis; Table 1). 

Several studies indicate that media-multitasking is associated with reduced joy in primary activities (Oviedo et al., 

2015; Xu & David, 2018), and through heavy media-multitasking and ongoing psychological connectedness to task-

unrelated media activities, this may develop into more general, enduring motivational deficits (e.g., the inability to 

experience pleasure from previously rewarding activities). Indeed, this fits with studies showing media-

multitasking associations with stress, anxiety, and depression (e.g., Becker et al., 2013; Reinecke et al., 2017)—all 

of which are related to sustainedly reduced drives towards task engagement (e.g., apathy, amotivation, anhedonia; 

Grahek et al., 2019; Pizzagalli, 2014; Rizvi et al., 2016). With attentional control known to be affected by stress (e.g., 

Liston et al., 2009), anxiety (e.g., Hayes et al., 2009), and depression (e.g., Grahek et al., 2019), media-multitasking 

may have a sustained impact on attentional control through impaired motivation for task engagement in general. 



 

Testing the feasibility of such indirect mechanism requires assessment of media-multitasking, a (snapshot) control 

measure, and general affective and/or motivational dispositions (e.g., the Anhedonia Scale for Adolescents; 

Watson et al., 2021). If general motivation for task commitment is systematically reduced, it would be expected 

that these disposition measures mediate the association between media-multitasking behavior and attentional 

control. 

Control-Learning (Direct Impact) 

As mentioned above, models on control-learning typically include an adaptive learning rate (Jiang et al., 2014; 

Simoens et al., 2025). Such a malleable, self-adapting learning rate allows control-learning to be effective across 

non-stationary environments. Critically, this malleability also opens the door for media-multitasking effects 

(control-learning hypothesis; Table 1): Both the default learning rate and the adaptive calibration of learning rates 

to specific contexts, are potentially affected by media-multitasking. For example, through actual or psychological 

connectedness with media sources beyond the primary task, the media ecology of heavy media-multitaskers may 

signal a constant state of high-volatility to the brain. Individuals may frequently abandon tasks before completion 

or respond to stimuli that are irrelevant to their current primary task goal (e.g., responding to notifications while 

browsing or working), interfering with rules or consistent feedback available in primary tasks. It can be 

hypothesized a) that such ecologies hinder the process of fine-tuning the learning rates to relevant feedback on 

the primary task, and b) that systematically inhabiting such ecologies gradually ‘untrains’ the agent’s ability to 

optimally adapt the learning rate. The latter training prediction can be tested, for example, using list-wide 

proportion manipulations. One could determine the difference in the switch cost between blocks with high versus 

low proportions of switches (cf. Sali et al., 2024). This difference score can then be correlated with a media-

multitasking index. Similarly, for task-focus, a list-wide proportion congruency manipulation can be used in a 

conflict task (e.g., Stroop task; cf. Spinelli et al., 2019). These tests of the direct impact of media-multitasking on 

control-learning should control for indirect effects of online vigilance (see below). 

Degraded Regularity (Indirect Impact) 

The indirect impact of media-multitasking on control-learning may also be considered. It is known that random 

events interspersing a regular pattern hinder the learning of such regularity (Parshina et al., 2018). The constant 

interspersing of distractions associated with media-multitasking—that is, online vigilance—may similarly break 

the regularity that is formally available in specific non-media, control-demanding tasks. As a result, control-

learning processes cannot optimally detect and exploit the available regularity (degraded-regularity hypothesis; 

Table 1). For example, a lecturer may change their intonation at moments in the lecture to stress that relevant 

information is being presented or discussed, and under regular circumstances a student may be able to pick up 

on that and enhance task-focus when such intonation is encountered. However, constant cognitive orientation to 

media-related information during the lectures may undermine the detection of such regularities. As online 

vigilance is a relatively chronic state that can be boosted by media-multitasking, control-learning may thus be 

hindered in sustained manners even when its intrinsic parameters remain unaffected. Testing for this indirect 

impact requires measures of media-multitasking, online vigilance, and control-learning (i.e., list-wide proportion 

switching or congruency effects). Yet, rather than controlling for online vigilance as per the direct impact described 

above, here online vigilance is targeted as a mediator in the relationship between media-multitasking and control-

learning indices. 

Overall, we have above outlined several candidate mechanisms via which media-multitasking may (directly or 

indirectly) affect situational regulation in a sustained manner. Whereas this list of mechanisms is far from 

exhaustive, far from comprehensive in detail (e.g., lacking an explicit focus on duration of control investments), 

and requiring constant updating and/or adjustment based on alternative perspectives and/or future advances in 

the field, we hope the list will inspire a new generation of studies targeting specifically situational regulation. 

Conclusion 

Our conclusions can be summarized in three related take-home messages. First, by comparing the field of media-

multitasking effects to state-of-the-art attentional control theory, we have demonstrated that the field has been 

adopting a too narrow focus on attentional control as a static capacity that can be captured in snapshot measures 



 

of control. We argue that this suboptimal focus has played a major role in the lack of robust and consistent findings 

in previous work on media-multitasking effects (Baumgartner et al., 2024; Parry & le Roux, 2021; Wiradhany & 

Nieuwenstein, 2017). Second, we argue that state-of-the-art attentional control theory probes the field to consider 

intra-individual variation in attentional control stemming from control-learning and motivated control (situational 

regulation). Third, we have theorized on a (non-exhaustive) set of potential direct or indirect mechanisms of impact 

that follow from a deep consideration of intra-individual variation in attentional control. These mechanisms of 

impact should be explored in a new generation of cross-sectional studies, such that these can steer dedicated 

follow-up by longitudinal randomized trials and/or intervention studies to confirm causality. Indeed, such follow-

up would require a range of further empirical challenges to be addressed, such as questions about the persistence 

of media-multitasking effects after an intervention has been implemented (determining, among others, the 

minimum duration of a media-multitasking intervention required to validly test its effects on attentional control). 

Until the outcomes of such efforts are known, the field remains far off from definite answers on the potential 

sustained impact of media-multitasking on attentional control, and on the question about whether, when, and for 

whom remedial interventions should be considered. 

Footnotes 

1 The same logic holds for self-report measures of attentional control. 

2 Even though the direct-indirect distinction is not always black-and-white, we feel it provides a useful nuance in 

the structuring of mechanisms. 
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