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General Discussion

7Chapter

Note: I thank Prof. Sander Nieuwenhuis and Dr. Susanne Baumgartner for their valuable input in our 
discussions on implementing the Adaptive Gain Theory in multitasking.
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Chapter 7

Summary of Findings
The studies presented in this thesis aimed to address three main questions: What con-

stitutes media multitasking behavior, which domains of cognition and behavior diff erentiate 

heavy from light media multitaskers, and what is the extent to which the presence of media 

devices infl uences our ability to process information? In what follows, I outline the key fi nd-

ings from Chapters 2 to 6. 

What Constitutes Media Multitasking Behavior? 
As outlined in Chapter 2, I rendered the responses of Media Use Questionnaire (MUQ) 

into networks. The responses came from eight diff erent datasets from samples that varied in 

age and geographical locations. The rendered networks showed that certain media combina-

tions were more likely to be selected than others, and these combinations remained similar 

over samples of varying ages and geographical locations. The prominent combinations can be 

characterized by their adaptiveness (Z. Wang et al., 2015): These are combinations of media 

of which each medium draws from a diff erent sensory modality (e.g., the visual and auditory 

modality, for instance texting while listening to music) and provide the users a certain degree 

of control over switching from one medium to another. Additionally, in responding to the 

questionnaire, participants did not make a distinction between primary and secondary me-

dia (i.e., there was no diff erence between watching television while texting and texting while 

watching television).

The rendered networks provided an important insight, namely that some media com-

binations are more prominent than others in media multitasking. Subsequently, instead of 

querying an overwhelming number of media (the original MUQ by Ophir, Nass, & Wagner, 

(2009) covers no fewer than 144 pairs of media), the MUQ can be shortened to a limited num-

ber of media combinations, as these combinations capture most of the variance of the larger 

set of media pairs (Baumgartner, Lemmens, et al., 2017). At the same time, it does not seem 

to be the case that in responding to MUQ questions participants considered which media was 

the main activity.

Minds of Media Multitaskers 
In Chapters 3 and 4, I conducted small- and large-scale replication experiments and 
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provided a meta-analysis on the association between media multitasking behavior and do-

mains of cognition related to distractibility. The small-scale experiments, which aimed to rep-

licate the fi ndings of Ophir et al. (2009) showed that out of 14 critical fi ndings reported in 

the original study, fi ve could be replicated whereas the other nine showed null results. The 

large-scale experiment (N=261) aimed to resolve whether media multitasking is associated 

with distractibility related to the environment (i.e., external distraction) or to self-generat-

ed distractions (i.e., internal distraction). In this experiment, participants were required to 

encode the orientation of target objects while trying to ignore the distractor objects (external 

distraction) and we used thought-probes to determine to what extent participants were able 

to stay focused on the task during the experiment. The results showed that heavy media mul-

titaskers (HMMs) did not perform worse in conditions in which the distractor objects were 

present. In addition and they did not report a lower focus of attention on the task during the 

experiment. These results indicate that media multitasking is not associated with external or 

internal distractibility. Consistent with this outcome, our meta-analysis of 39 tests of the asso-

ciation between media multitasking and external distractibility showed that the pooled eff ect 

size indicated a small eff ect in the direction of increased distractibility in HMMs (Cohen’s 

d=0.17), but this eff ect disappeared upon accounting for study bias. 

Together, the fi ndings outlined in Chapters Three and Four indicate that media multi-

tasking is not associated with distractibility. This is somewhat in contrast with a recent review 

which suggests that HMMs may experience increased attentional lapses, and that they thus 

perform worse in diff erent tasks in which such lapses of attention are likely to occur (Un-

capher & Wagner, 2018). Critically, however, the conclusions of this review were based on 

whether studies showed a diff erence in performance, regardless of the statistical signifi cance 

of the eff ect in question. Thus, the conclusions of the review might have been based on an 

overestimation of the evidence in favor of the attentional-lapses account. 

Behaviors of Media Multitaskers 
In Chapter 5, I summarized fi ndings in the literature which pertain to the association 

between media-multitasking behavior and self-reports of cognitive control, mental health, and 

personality traits. These self-reports were categorized in a series of mini-meta-analyses (Goh 

et al., 2016), that is, meta-analyses of a small number of studies pertaining to a similar theme. 
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The pooled eff ect sizes showed that HMMs have increased problems with behavior regulation 

and metacognition in everyday situations, more (severe) symptoms of ADHD, depression, and 

anxiety, and higher levels of impulsiveness and sensation-seeking traits. Overall, the pooled 

eff ect sizes were weak. They ranged between Fisher’s z=0.15 to z=0.27. At the same time, there 

was a relatively low level of heterogeneity across studies, indicating that the fi ndings were 

consistent across the diff erent populations of participants that were sampled in the studies.

Overall, the mini-meta-analyses indicate certain behavioral characteristics which may 

demarcate HMMs from light media multitaskers (LMMs), namely the reported levels of be-

havioral regulation and metacognition, the reported (symptoms) of ADHD, depression, and 

anxiety-related symptoms, and the reported levels of impulsiveness and sensation-seeking 

traits. At the same time, while these correlates were statistically signifi cant and robust across 

diff erent populations, they accounted for a minimal amount of variance of the media multi-

tasking behavior. 

Media-induced Distractions 
In Chapter 6, I evaluated the extent to which the presence of media devices interferes 

with our information processing (Thornton et al., 2014; Ward et al., 2016). In an antisacca-

de experiment, I instructed participants to make eye movements to a location that could be 

congruent or incongruent to the position of their mobile phone, and I compared performance 

with a condition in which the participant’s phone was absent. Thus, I evaluated the eff ect of 

the presence of mobile phones in absence of direct interactions with it. I found that partici-

pants made more incorrect eye movements in the phone-present conditions, and especially 

in the less challenging condition (i.e., in the Prosaccade block), they made more correct eye 

movements if the target location was congruent with the location of their phone. This indi-

cates that the mere-presence of mobile phones might be associated with a global cognitive cost 

(Ward et al., 2016), and additionally, the presence of mobile phone might also induce a spatial 

bias (i.e., because participants try to look at their phone more often; Ito & Kawahara, 2017).

In combination with my other fi ndings, the mere-presence eff ect of mobile phones may 

demonstrate that while our interactions with contemporary media (i.e., the media-multitask-

ing habit) might not interfere with our capabilities of fi ltering distractions, having a media 

device in view might still be distracting. 
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Media Multitasking: From Minds to Behavior
Together, the set of fi ndings above suggest some characteristics of heavy and light me-

dia multitaskers. To start, the media multitasking behavior can be characterized by a rather 

limited set of media combinations, namely those with texting, browsing, listening to music, 

and accessing social media. Importantly, in responding to MUQ questions, participants did 

not seem to distinguish primary from secondary media activities. With regards to the corre-

lates of the MMI, heavy, compared to light media multitaskers might not perform worse under 

externally-presented and internally-generated distractions, yet heavy media multitaskers re-

ported more problems with regards to behavior regulations and metacognition, they reported 

more (severe) symptoms of ADHD, and higher impulsiveness and sensation-seeking traits. 

Lastly, having a mobile phone in view might be distracting, which suggests that the presence 

of media devices might infl uence task performance. 

At present, the fi ndings presented in the empirical chapters of this thesis can be said to 

be mixed. On the one hand, media multitasking, as assessed with the MUQ, was not correlated 

with laboratory task performance related to fi ltering distractions. On the other hand, media 

multitasking was correlated with higher self-reports of distractibility in everyday situations, 

and higher levels of mental health problem and psychological traits associated with distracti-

bility, namely ADHD and impulsiveness, respectively. Why was this case? One consideration 

would be that these mixed fi ndings relate to the diff erence in the performance level measured 

in performance-based tasks and self-reports. As alluded in Chapter 5, performance-based 

tasks measure one’ effi  ciency in processing information while self-reports measure one’s abil-

ity to successfully pursue a goal (see also Toplak et al., 2013). Therefore, although HMMs 

might experience more diffi  culties in monitoring and managing diff erent thoughts, emotions, 

and actions in everyday situations (i.e., goal pursuits), this does not mean that they would also 

suff er from media-related or environmental distractions when they are required to stay on 

task (i.e., information processing effi  ciency), especially since in most of these tasks, the goals 

are relatively clear (e.g., which stimuli to be attended, which ones to be ignored). It could be 

the case that HMMs have an optimal task-performance level in the performance-based tasks 

since the goals of the task are clear, yet still experience problems in everyday situations, where 

they have to manage the goals themselves.

Another alternative to explain the mixed fi ndings would be related to the types of be-
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havior sampled in the MUQ. At present, as shown in Chapter 2, users do not seem to distin-

guish primary from secondary media activities in responding to the questionnaire. This might 

indicate that in considering the media pairs, they do not take into account which media is the 

main task and which one is a distraction. It would be interesting to investigate whether sam-

pling media multitasking behaviors in which the distinction between primary and secondary 

tasks is clear (e.g., texting while driving) would result in a higher media multitasking-self re-

ports of distractibility correlation and importantly, a correlation between media multitasking 

and task performance related to distractibility in the laboratory. 

Yet another alternative to explain the mixed fi ndings would be that at present HMMs 

are comprised of “good” and “distracted” multitaskers: Those who have a good multitasking 

skill and therefore, tend to frequently combine multiple media streams and those who com-

bine multiple media streams because they are driven to it due to their proneness to distrac-

tion, respectively. This distinction that there exist good and distracted subgroups of heavy me-

dia multitaskers might provide a critical explanation to why some studies found a correlation 

between MMI and task performance while others, as outlined in Chapters 3 and 4, did not. In 

what follows, I propose a theoretical framework for explaining the individual diff erences in 

media multitasking, which might be proven to be invaluable for explaining why certain types 

of media multitasking behavior might be correlated with task performance both in the lab 

and in everyday situations (Baumgartner, van der Schuur, et al., 2017; Uncapher & Wagner, 

2018). Additionally, I will present what this framework predicts for “good” and “distracted” 

multitaskers in term of task performance in more details. I hope this framework will help the 

fi eld to move forward.

Everyday multitasking, that is, rapidly switching back and forth from one activity to 

another, can be broadly categorized into two types of behavior: Within-task exploitations and 

between-tasks explorations. Within-task exploitations are behaviors that relate to the goals of 

the current task at hand, and they help the organism to stay engaged to the task. Between-task 

explorations, on the other hand, are behaviors that relate to fi nding potential new goals and 

resources, and they help the organism to disengage from the current task. Keeping the bal-

ance between these two types of behavior is considered to be adaptive (Cohen, McClure, & 

Yu, 2007; Inzlicht, Schmeichel, & Macrae, 2014; Nieuwenhuis, Aston-Jones, & Cohen, 2005), 

since one’s environment, which includes current goals and resources, might be limited. There-
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fore, there can be a benefi t for switching from exploiting current resources to exploring for 

new ones. Recently, the biological system which seems to play a major role in regulating this 

so-called switching threshold has been identifi ed (Bouret & Sara, 2005; Yu & Dayan, 2005) 

and an integrative theory which explains the role of this biological system has been proposed 

(Aston-Jones & Cohen, 2005). In the following sections, I outline the suggested roles of the 

locus coeruleus-norepinephrine (LC-NE) system in governing the control of behavior, and 

some predictions with regards to everyday multitasking and individual diff erences in media 

multitasking which we can derive from this framework.   

The LC-NE System
A part of the brain stem, the LC-NE system comprises of serotonergic and noradr-

energic neurons, of which the latter are the sole source of noradrenaline/norepinephrine in 

the brain (Berridge & Waterhouse, 2003; Sara, 2009). This system has a wide projection to 

the neocortex (Aston-Jones & Cohen, 2005; Berridge & Waterhouse, 2003; Bouret & Sara, 

2005), and receives inputs from regions which have been implied in monitoring the utility 

of the current behavior , namely the Anterior Cingulate Cortex (ACC) and the Orbitofrontal 

Cortex (OFC; Aston-Jones & Cohen, 2005). Noradrenergic neurons are sensitive to changes 

in stimulus-reinforcement contingencies (e.g., in a visual discrimination task, they respond 

vigorously to the target stimuli but not to the distractors, e.g., Usher et al., 1999) and are 

known to be activated by acute stressors (Sara & Bouret, 2012). Releases of noradrenaline 

have also been known to help tuning neurons which respond specifi cally to a target, in turn 

resulting in correct task responses (Aston-Jones & Cohen, 2005; Sara, 2009). Importantly, 

LC neurons are known to be polymodal; they fi re in two distinct modes: phasic and tonic (As-

ton-Jones & Cohen, 2005; Berridge & Waterhouse, 2003). The phasic mode is characterized 

by short-lasting, brief bursts of action potentials (Berridge & Waterhouse, 2003). This mode 

has been associated with accurate task performance (Aston-Jones & Cohen, 2005). In con-

trast, the tonic mode is characterized by a more sustained, regular discharge pattern (Berridge 

& Waterhouse, 2003). It has been associated with less engagement to a task. At the same time, 

the tonic discharge may promote the sampling of alternative behavior (Aston-Jones & Cohen, 

2005). Accordingly, Aston-Jones and Cohen (2005) proposed that the transition of the two 

LC modes may play a signifi cant role in performance optimization within a task and across 
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diff erent tasks, in other words, keeping the balance between within-task exploitation and be-

tween-tasks exploration behaviors.

LC phasic mode helps optimize performance within a task, thus promoting within-task 

exploitation behaviors. This mode is characterized by a brief bursts of action potentials and 

a short latency (Berridge & Waterhouse, 2003), and it has been found to occur following 

task-relevant stimuli and processes (Aston-Jones & Cohen, 2005; Berridge & Waterhouse, 

2003; Bouret & Sara, 2005). For instance, in monkeys, during a visual oddball discrimination 

task, phasic activations of LC neurons were observed following the presentation of the target 

stimuli, but not to distractors (Rajkowski, Kubiak, & Aston-Jones, 1994; Usher et al., 1999). 

Using a computational model, Usher et al. (1999) suggested that phasic LC responses may sig-

nal releases of NE, which increases the responses of target-specifi c neurons, reduces the spon-

taneous (tonic) activity of LC, and inhibits the responses of the neighboring neurons which 

are less sensitive to the target (see also Sara, 2009), in turns, modulating performance of the 

organism. Since the LC-NE system has a wide projection to the neocortex, it has been sug-

gested that this system also plays a role in cognitive control (Berridge & Waterhouse, 2003; 

Sara, 2009; Sara & Bouret, 2012). In humans, an administration of the pharmacological agent 

modafi nil was associated with the increase of LC and Prefrontal Cortex (PFC) activation, in 

turns resulting in faster (correct) responses in subjects when they prepared to switch from 

a response with a compatible stimulus-response mapping to another with an incompatible 

stimulus-response mapping (Francisco & Health, 2009). Together, phasic LC mode is asso-

ciated with the identifi cation of task-relevant stimuli and the increase of cognitive control. 

Accordingly, LC phasic mode can be consistently observed when the organism is performing 

the task well.

LC tonic mode helps optimize performance across diff erent tasks. This mode is char-

acterized by relatively regular, sustained discharges (Berridge & Waterhouse, 2003), resulting 

in an increase of the baseline activity of the neurons. It has been found to be associated with 

periods of disengagements to a task (Aston-Jones & Cohen, 2005; Bouret & Sara, 2005). At 

the same time, during waking hours, it is associated with periods of high arousal and atten-

tiveness (Berridge & Waterhouse, 2003). In monkeys, an increase of tonic LC activity during a 

visual oddball discrimination task was associated with increased distractibility, signaled by an 

increase of false alarms (Aston-Jones & Cohen, 2005). Meanwhile, increases of arousal during 
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this period might signal the tendency to sample alternative behaviors and or to detect stimuli 

which are otherwise irrelevant. For instance, in anesthetized rats, tonic LC stimulation results 

in their whiskers responding to stimuli below and above their detection-level thresholds (i.e., 

uniform responses) while phasic LC discharges result in whisker responses to salient or novel 

stimulus only (Berridge & Waterhouse, 2003). Together, the tonic LC mode is associated with 

a decrease of sensitivity in discriminating relevant from irrelevant stimuli and an increase of 

arousal. In other words, organisms become more responsive, but less discriminative towards 

the incoming stimuli.

Together, the diff erent LC-NE modes are proposed to signal changes in the sensitiv-

ity thresholds for detecting incoming stimuli. The LC phasic mode increases the sensitivity 

threshold, reducing interference from irrelevant stimuli and helping to produce accurate re-

sponses while the LC tonic mode decreases the sensitivity threshold, reducing accurate task 

responses but increasing arousal, potentially facilitating shifts from one task to another. As-

ton-Jones and Cohen (2005; see also Gilzenrat et al., 2010) propose that the mode transitions 

occur because the LC-NE system continuously monitors the utility of a task. The LC-NE sys-

tem receives projections from two frontal structures affi  liated with rewards and costs evalu-

ation, the OFC and the ACC, respectively (Aston-Jones & Cohen, 2005). When task utility is 

high (i.e., when the reward for performing the task well is high and the cost of errors is low), 

the LC phasic mode promotes engagements to the task by facilitating accurate responses. In 

contrasts, when task utility is low, the LC tonic mode promotes disengagements to the task, 

facilitating explorations of alternative behaviors which might provide a better reward. Gilzen-

rat et al., (2010; see also Jepma & Nieuwenhuis, 2011) provided evidence for this task-utility 

monitoring account in a tone-discrimination task with an increasing diffi  culty and the means 

to reset (i.e., participants could disengage from the current series of tone discriminations and 

start anew). Overall, in this task, participants behaved adaptively: they chose to reset when 

the expected value of the task started to decline. Importantly, their pupil size refl ected the 

mode transitions in the LC-NE system: accurate tone discriminations were coupled with task-

evoked pupil dilations while resets were coupled with increases of the baseline pupil diameter. 

This fi nding suggests that task-utility monitoring (and consequently, behavioral shifts) occurs 

relatively frequent, in this case, changes in behavior can be observed within a few trials (see 

also Bouret & Sara, 2005).
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Other examinations of the roles of the LC-NE system also support the notion that this 

system helps in modulating behavioral shifts. Bouret and Sara (2005) proposed that the LC-

NE system provides a way to reset the current neural network in response to environmental 

demands. During optimal task performance, low (phasic) LC activity prevents spurious be-

havior shifts while long-lasting (tonic) LC activity promotes behavioral shifts. This persistent 

LC activity is associated with a network reset, thus allowing the organism to rapidly adapt 

to environmental changes (Bouret & Sara, 2005; Sara, 2009). Additionally, Yu and Dayan 

(2005) proposed that the neuromodulator NE is sensitive to unexpected uncertainty (i.e., un-

certainties induced by changes in the environment). To this end, they run an extended Posner 

cueing task on simulated rats: reporting the location of targets following the presentation of a 

set of cue stimuli. In this task, the validity and the identity of the cues are manipulated, such 

that for the former, the stimulus set contains arrows of diff erent colors, one of which predicts 

the location of the target with a signifi cant probability. For the latter, the experimenter can 

suddenly change the relevant cue color. Together, the model had to infer both the identity of 

the relevant arrow and estimate its validity. The model predicted increased activations in NE 

while the simulated rats correctly infer the identity, but not the validity of the cues. Accord-

ingly, Yu & Dayan (2005) concluded that NE acts as an alerting signal for contextual changes 

in the environment.

Detecting LC-NE-related Activities in the Brain
Despite of its position in the Pons, LC mode transitions can be observed in noninvasive 

ways, thanks to its wide and robust eff erent projections. Using EEG, it has been found that 

the amplitude of the event-related potentials (ERPs) with the (positive) peak latency around 

300ms following the presentation of stimuli, the P3, was associated with the phasic LC-NE 

mode (see Nieuwenhuis, Aston-Jones, & Cohen, 2005 for a review). The transition between 

the LC-NE modes is also correlated with pupil diameters (Gilzenrat et al., 2010; Jepma & 

Nieuwenhuis, 2011). Specifi cally, the LC phasic mode is associated with relatively smaller 

baseline pupil diameter and the presence of task-evoked pupil dilations while the LC tonic 

mode is associated with increases in the baseline pupil diameter (Gilzenrat et al., 2010; Jepma 

& Nieuwenhuis, 2011). Together, these fi ndings suggest that the activity of the LC-NE system 

is coupled with activities of other systems in an organism, such as the pupil (see also Einhaus-
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er, Stout, Koch, & Carter, 2008; Murphy, O’Connell, O’Sullivan, Robertson, & Balsters, 2014).

To summarize, the LC-NE system plays an important role in ensuring an adaptive 

behavior. By evaluating inputs on the current task utility and environmental demands, the 

system provides an important signal for promoting optimal behavior within a task (i.e., with-

in-task exploitations) or alternatively, facilitating shifts to a diff erent task (i.e., between-tasks 

explorations). Accordingly, this function becomes important for dealing with the unexpected 

uncertainties in the environment and for generating adaptive behavior (Bouret & Sara, 2005; 

Yu & Dayan, 2005). Using known biological mechanisms (Berridge & Waterhouse, 2003) and 

computational models (Usher et al., 1999) of the LC-NE system, the adaptive gain theory (As-

ton-Jones & Cohen, 2005; Gilzenrat et al., 2010) provides an overarching framework for pre-

dicting behavior switches. Thus, this theory may explain many observed phenomena in media 

multitasking, which I will outline in the following sections.

Predictions for Media Multitasking
Multitasking in spite of performance cost. The adaptive gain theory assumes 

that task utility is not constant: When the task utility is high, there is a clear benefi t of sticking 

to the current task instead of switching to another, but when the task utility decreases, there 

is a benefi t of switching. Somewhat consistent with this assumption (and its consequences) of 

varying levels of task utility, studies have shown that people sometimes switch from one task 

to another despite their understanding of the (potential) performance costs (Bardhi et al., 

2010; Hwang et al., 2014; Kessler et al., 2009). In a systematic interview, Bardhi et al. (2010) 

found that young consumers were aware of their paradoxical experience of media multitask-

ing: they were aware that simultaneously consuming diff erent media streams is associated 

with ineffi  cient content processing, but at the same time they continue to do so because it pro-

vided a heightened sense of control and enjoyment, and it was perceived to be a more effi  cient 

way for processing information. Subsequent studies have tried providing explanations for this 

paradoxical relationship using the Uses and Gratifi cations theory (Katz, Blumler, & Guretvich, 

1974): media multitasking might start with user control and effi  ciency as motivations, but it 

continues because it provides emotional gratifi cations (Hwang et al., 2014; Z. Wang & Tch-

ernev, 2012). 

The adaptive gain theory might provide a more parsimonious, alternative explanation 
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for this multitasking paradox: Switches between diff erent media are the natural consequences 

of the waxing and waning of task utilities. The adaptive gain theory predicts that when task 

utility is high (e.g., me trying to write the general discussion of my thesis), the phasic LC mode 

promotes task engagement. However, there might be a point when the task utility wanes (e.g., 

I am stuck trying to come up with a good sentence) and the LC-NE system fi res in the tonic 

mode, promoting task disengagement. Consequently, switches between tasks occur in spite of 

the organism knowing the consequences (e.g., I am checking my emails instead of continue 

writing, in spite of knowing email-checking would not help me fi nish writing this discussion 

faster). This does not have to be necessarily harmful (e.g., that I am distracted); switching 

might help reset my network and renew my task engagement (Bouret & Sara, 2005).

Several pieces of evidence provide further support for the benefi t of self-initiat-

ed switching. First, studies have shown that self-, as opposed to forced-interruptions in 

task-switching are associated with better performance (Kononova, Joo, & Yuan, 2016; Mc-

farlane, 2002; but see Katidioti et al., 2014), indicating that individuals might be aware of 

their assessment of the current task utility and use that information to decide whether or 

not to switch. For instance, Kononova et al. (2016) showed that participants retained more 

information from an online article when they could choose to switch from article-reading to 

Facebook-checking at will, as opposed to when the switches were predetermined. Secondly, 

the presence of acute stress, which is associated with tonic LC mode (Sara & Bouret, 2012), 

has been shown to trigger task-switches. In this regard, one study found that negative feelings 

(i.e., obstructions, exhaustions, and frustrations), but not positive ones were reported preced-

ing task switches in an experiment in which participants had to perform six unrelated tasks 

(Adler & Benbunan-Fich, 2013). 

Interestingly, switches from one task to another may also occur in absence of changes 

in task utility. In a voluntary task-switching experiment, participants sometimes randomly 

switch from one task to another in spite no instructions over task orders: The spontaneous 

switching phenomenon (Kessler et al., 2009). In two voluntary task-switching experiments 

in which participants were asked to perform three categorization tasks, Kessler et al. (2009) 

showed that participants sometimes spontaneously switched from one categorization task to 

others in absence of explicit instructions for switching. They found that participants spon-

taneously switched in spite of their awareness of the switch cost (i.e., that they responded 
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slower in trials following a switch as opposed to a repetition; Experiment 1) and in spite of 

their awareness of the diffi  culty of the task (i.e., switching from easier to more diffi  cult catego-

rization tasks; Experiment 2). The Uses & Gratifi cation theory would predict no spontaneous 

switching in these experiments since more diffi  cult, uncertain tasks are certainly less gratify-

ing. However, according to the adaptive gain theory, random switches may occur due to the 

waning of the current task utility, i.e., since participants could no longer keep their task-en-

gagement level high in repeating a similar task over and over again. In this sense, spontaneous 

switching might help ensuring a certain level of fl exibility in individuals, especially for explor-

ing alternative behaviors. It also prevents the organism to get attracted to a permanent state 

of behavior (Kessler et al., 2009). 

Good and distracted multitaskers. Some individuals switch from one media 

stream to another more frequently than others. One line of evidence for this would be the var-

iation in the MMI scores (Ophir et al., 2009; also see Chapter 2 of this thesis): HMMs could 

be considered to be frequent media switchers compared to LMMs. What drives this individual 

diff erence in switching? The studies presented in this thesis (Chapters 3-5) and others (see 

Uncapher et al., 2017; Uncapher & Wagner, 2018; van der Schuur, Baumgartner, Sumter, & 

Valkenburg, 2015 for reviews) have tried to fi nd the cognitive, behavioral, and mental-health 

correlates of the MMI, and these studies have produced mixed results. The studies I present-

ed in this thesis present an interesting contradiction. On the one hand, HMMs, compared to 

LMMs did not seem to perform worse in laboratory tasks involving distractions (Chapters 3 & 

4). On the other hand, HMMs seem to experience more distraction-related problems and they 

reported higher levels of distraction-related mental health issues (ADHD) and personality 

traits (Impulsiveness, Sensation-seeking) in their daily life (Baumgartner et al., 2014; Magen, 

2017; Ralph, Thomson, Cheyne, & Smilek, 2013; see Chapter 5 of this thesis for a meta-anal-

ysis). In other words: the rates of media multitasking in daily life are associated with self-re-

ports measures of problems related to distractibility, but not with performance measures of 

distractibility.

Arguably, the discrepancies between fi ndings from self-report and performance meas-

ures of cognitive control can be resolved by the diff erent levels of sensitivity of self-report and 

performance measures (Stanovich, 2009; Toplak et al., 2013). Specifi cally, performance-based 

measures estimate the level of algorithmic thinking, i.e., the effi  ciency of diff erent cognitive 
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mechanisms, while self-report measures estimate the level of refl ective thinking, i.e., the abili-

ty to successfully execute tasks given certain goals and constraints (Stanovich, 2009). Accord-

ingly, individual diff erences in media multitasking are not associated with performance-based 

measures in the lab since the goals and constraints of the laboratory tasks are predetermined, 

thus, reducing the need to regulate switching behavior. Somewhat analogously, the adaptive 

gain theory would predict that in everyday situations, switch rates might indicate the wax-

ing and waning of task utilities. Thus, individuals with problems in distractions might switch 

more often from one task to another (e.g., they might switch too fast, before the task utility 

of one task started to wane). In contrasts, since goals and constraints of laboratory tasks are 

predetermined, task utility remains relatively constant, thus, eliminating the need to regulate 

switches from one task to another. Therefore, MMI does not necessarily correlate with task 

performance.

In a sense, within the framework of the adaptive gain theory, the MMI might refl ect 

individual diff erences in their ability to optimize between within-task exploitation and be-

tween-task exploration behaviors. Good multitaskers might be able to eff ectively engage to a 

task and therefore, they are less likely to miss opportunities within the task in which a max-

imum gain could be obtained. Conversely, they might be quick to switch to a diff erent task 

once the utility of the current task starts to decline. For distracted multitaskers, on the other 

hand, frequent switching between tasks could indicate a bias toward explorations (see also: 

Uncapher & Wagner, 2018). Consequently, distracted multitaskers might decide to promptly 

switch from one activity to another, even though the utility level of the current activity is still 

high (or conversely, even though the utility level of the alternative activity is still uncertain).

There are some lines of evidence which support the notion that there exists an individ-

ual diff erence in optimizing task performance during multitasking. In a study on adaptation 

to task interference, Nijboer, Taatgen, Brands, Borst, and van Rijn (2013) asked their partic-

ipants to perform two types of a multi-column subtraction task, which were presented at a 

random order. The subtraction task could require a carry (the hard condition) or not (the easy 

condition). Thus, the hard subtraction task would require the visual modality and produce a 

higher demand on working memory. At the beginning of each trial, participants could decide 

whether to combine the subtraction task with a tone counting task, which requires working 

memory and the auditory modality, or a dot-tracking task, which requires visual attention 
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and the visual modality. Therefore, in easy subtraction trials, choosing the digit subtraction 

and tone-counting combination would be the optimal choice since it produces less interfer-

ence (in working memory) while in hard subtraction trials, choosing the digit subtraction and 

dot-tracking tasks combination would be the optimal choice. They found that about half of 

the participants (~49%) choose only one combination of tasks during the experiment while 

the rest (~51%) switched over diff erent combinations of tasks. For those who switched, the 

majority (60%) did so optimally (i.e., selecting the task combinations which produced less 

interference), while the rest did so randomly. These fi ndings were somewhat in line with the 

good and distracted multitaskers distinction, since the former would switch between tasks 

adaptively while the latter would not.

There are also lines of evidence which support the notion that distracted multitaskers, 

who are likely to have high MMI scores, are biased toward explorations. First, there have been 

some indications that HMMs give up easily when facing adversity. They have been reported 

to omit their response on a larger number of trials in the N-back task (Ralph & Smilek, 2016) 

and they had lower Raven’s matrices scores since they gave up earlier in the test (Minear et 

al., 2013). Secondly, HMMs have been reported to be more likely to endorse intuitive, but 

wrong answers in the Cognitive Refl ection Task (Schutten et al., 2017). Together, these fi nd-

ings suggest that HMMs have a bias toward explorations; they tend to switch from one task 

(or thought) to another without deliberations. However, it is yet unclear how many HMMs 

actually are good multitaskers. 

The adaptive gain framework could provide the means to distinguish good from dis-

tracted multitaskers among the HMM group, by monitoring whether one switches as a func-

tion of optimizing task performance in multitasking. Distracted multitaskers are likely to be 

biased toward between-task explorations regardless of their evaluations of the current task 

utility. In other words, they switch more frequently for no strategic reasons (perhaps because 

they are more impulsive or they have problems with behavioral control). In contrast, good 

multitaskers might only switch when it is strategic to do so. In laboratory tasks (e.g., when 

performing the N-back, Raven’s, or Cognitive Refl ection Task), distracted multitaskers dis-

engage easily from the current task because there are no actual rewards for performing the 

task well. Accordingly, in a task in which we vary the current task utility (e.g., by increasing 

the monetary compensation for good performance), the distracted multitaskers would switch 
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more often regardless of the utility level while the good multitaskers would only switch when 

the utility level of the current task diminishes signifi cantly. One of such task is the four-armed 

bandit task (Cohen et al., 2007): In this task, participants were instructed to play four slot ma-

chines. Each of these machines has its own probability of producing a reward and this prob-

ability could change over time. To obtain the maximum reward in this task, the most optimal 

strategy would be to keep playing the arm which has a high reward probability and switch to 

another arm once the reward probability starts to decline. 

Some Caveats and Unanswered Questions
 The adaptive gain theory provides an explanation on why people switch from with-

in-task exploitation to between-tasks explorations. However, the theory suggests that switch-

ing occurs spontaneously, that is, as a response to either the waning of current task utility (As-

ton-Jones & Cohen, 2005) or to unexpected uncertainty in the environment (e.g., Yu & Dayan, 

2005). One open question in relation to media multitasking would be whether or not we take 

into account the utility of the alternative task in creating our decision to switch, and what are 

the mechanisms involved. For instance, why would it be the case that when writing becomes 

more diffi  cult, suddenly, checking my social media accounts becomes even more tempting? 

Two lines of evidence provide some insights on this issue. First, it has been known that 

attending to novel stimuli in the environment is also rewarding. Indeed, study has shown that 

the Substantia Nigra/Ventral Tegmental Area (SN/VTA) area in the brain, which has been 

known to play an important role in reward processing, showed an increased activation during 

a presentation of cues which would predict the presentation of a novel stimuli (Wittmann, 

Bunzeck, Dolan, & Düzel, 2007). This indicates that the anticipation of a novel stimulus might 

be rewarding. Second, it has been shown that the number of consecutive decisions people 

can make infl uences whether they would choose directed (i.e., utility seeking) or random ex-

plorations. Wilson, Geana, White, Ludvig, and Cohen (2017) asked their participants to play 

a modifi ed two-armed-bandit task. In this task, participants start with a four forced-choice 

sequences which inform which arm would produce the larger reward. Following the forced-

choice sequence, participants would either play one of the arms once (Horizon 1) or six (Hori-

zon 6) more consecutive times. One of the important fi ndings was that in the Horizon 6 con-

dition, participants chose the arm with the smaller reward ~50% of the time, in spite of their 
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awareness of the lesser reward. Similarly, in the Horizon 1 condition, participants chose the 

arm with the larger reward most of the times. Together, these indicate that the likelihood of 

switching randomly is infl uenced by the number of possible consecutive decisions one would 

have to make. In the context of media multitasking, this would mean that the number of al-

ternative media-related activities might infl uence whether users would make a utility-based 

switch (e.g., from writing an email to checking a document related to that email) or a random 

(e.g., from writing an email to checking social network) one. 

Somewhat relatedly to the mechanisms underlying how we monitor the utility level 

of a task and the individual diff erences in media multitasking behavior, it is still relatively 

unknown whether the bias toward sampling for alternative behaviors stems from the inability 

to monitor the current task utilities, the inability to appropriately respond to the changes of 

the task utilities, or the strategic responses to the changes of task utilities and environmental 

demands.

Conclusions
This thesis aimed to address three questions central to the discussion of the potential 

eff ects of media technologies in general and media multitasking in particular: What consti-

tutes the media multitasking behavior, which domains of cognition and behavior diff eren-

tiate heavy from light media multitaskers, and what is the extent to which the presence of 

media devices infl uences our ability to process information? To those ends, we found that 

1) media multitasking behaviors, at least those sampled by the MMI, are confi ned to a set 

of combinations of activities with Social media, Listening to music, Texting, and Browsing; 

2) the media multitasking behaviors which are sampled by the MMI do not correlate with 

distractibility during task performance, yet those who have high MMI scores do report more 

problems, more (severe) mental health symptoms, and higher levels of personality traits re-

lated to distractibility; 3) the mere-presence of media devices might be distracting regardless 

of one’s level of habitual media multitasking. Together, this set of fi ndings suggests that our 

everyday interactions with media devices might not always be related to cognitive processing 

and behavior. To explain these fi ndings, I proposed that our everyday interactions with media 

devices might serve an adaptive function after all, namely to keep the homeostasis between 

exploitation- and exploration-related behaviors in our system. Individuals have diff erent lim-
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its for processing information for the task at hand (exploitation), thus, interacting with media 

devices might provide a (quick) escape which allows the system to refresh (exploration). This 

exploitation-exploration threshold varies per individual, which might explain why some indi-

vidual might media multitask more often in everyday situations than others.






	Chapter 7



