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Introduction: Mindfulness has been associated with benefits on cognitive processes, including attention. However, the exact relationship between mindfulness, components of attention, and the role of reward context has not yet been fully elucidated, which is relevant, especially in the context of addiction. In the current study, we specifically evaluated the relationship between dispositional mindfulness and the balance between voluntary (top-down), and stimulus-driven (bottom-up) attention. In addition, we explored whether the relationship was mediated by asymmetry of frontal brain activity, an index of approach tendencies, and varies as a function of reward context.

Methods: In total, 95 participants (30 male, 65 female) with a mean age of 25.87 (SD = 7.38) participated. Resting-state electrophysiological activity was recorded using EEG, and participants were assessed on dispositional mindfulness, and performed the visuospatial cueing (VSC) task, which indexed voluntary- and stimulus-driven attention in a neutral and palatable food (reward) context. In the endogenous VSC task, a central cue signals the likely location of a subsequent target. The validity effect represents the benefit of valid cueing relative to the costs of invalid cueing in terms of response time.

Results and discussion: Dispositional mindfulness was associated with a reduced validity effect, plausibly reflecting a combination of reduced voluntary attention and increased stimulus-driven attention, irrespective of condition. The relationship between dispositional mindfulness and visuospatial attention could not be explained by asymmetry of frontal brain activity.
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1 Introduction

Mindfulness is commonly defined as the capacity, or ability of individuals to be conscious of and attend internal and external events in an open discerning way, without judging these experiences (Shapiro and Carlson, 2009). Mindfulness has been associated with improved cognitive performance, including inhibitory control and attention (Zoogman et al., 2015; Gallant, 2016; Klingbeil et al., 2017; Quaglia et al., 2019; Vekety et al., 2021). However, the moderating role of reward context is not yet fully understood, which is of importance to disorders of addiction. Specifically, addiction is in part characterized by attentional bias for reward-associated stimuli which contributes to associated maladaptive behavior (Robinson et al., 2016; Volkow et al., 2017). However, studies on the effects of mindfulness regarding attentional bias in a reward context are relatively mixed. Some studies suggest that attentional bias is reduced following mindfulness interventions (Garland et al., 2012; Alamout et al., 2020), and other studies suggest enhanced attentional bias for reward-associated stimuli (Delgado-Pastor et al., 2013; Sanger et al., 2018; Isbel et al., 2019; Logemann-Molnár et al., 2022). The aim of the current work was to address this apparent discrepancy in a controlled lab environment.

The neuroanatomical correlates of mindfulness and their association with executive functions are not yet fully understood, but studies suggest that the brain mechanism overlaps between dispositional mindfulness and mindfulness training-induced mindfulness (Bilevicius et al., 2017; Feruglio et al., 2021). Previous studies incorporating brain activity measures have shown that mindfulness is associated with suppressed activity within the Default Mode Network, which is inversely associated with activity in the Salience Network (Bilevicius et al., 2017; Feruglio et al., 2021). This may translate to mindfulness-associated enhanced susceptibility for salient stimuli and subsequent approach tendencies (Bilevicius et al., 2017; Feruglio et al., 2021). This effect is further supported by studies that show that mindfulness is associated with more left relative to right frontal brain activity, indexed by frontal alpha asymmetry using electroencephalography (EEG) (Keune et al., 2013; Moynihan et al., 2013), which has also been associated with enhanced approach tendencies (Kelley et al., 2017). However, it should be noted that other studies did not find such effect (Keune et al., 2011; Szumska et al., 2021), and the effect may be state dependent (Keune et al., 2013).

Based on the above, mindfulness may be associated with enhanced attentional bias for salient stimuli. Behavioral studies support this notion. Studies that implemented an oddball paradigm show mindfulness-associated attentional capture of deviant infrequent, but salient stimuli in the context of repetitive stimuli (Delgado-Pastor et al., 2013; Sanger et al., 2018; Isbel et al., 2019). 132425 However, studies on addiction that employed variants of a visual probe task and have focused on the association between mindfulness and attentional bias for reward related stimuli, may seem incongruent at first glance. Typically, in these studies, mindfulness reduced attentional bias for reward-associated stimuli (Garland et al., 2012; Alamout et al., 2020). One plausible explanation for this apparent discrepancy may be related to differences in the expectedness of the salient, reward-related stimulus. It should be noted that visuospatial attention consists of two main components, voluntary (top-down) attentional orienting, and stimulus-driven (bottom-up) reflexive attentional (re-)orienting (Corbetta and Shulman, 2002; Corbetta et al., 2008). Voluntary attention allows for the conscious focus of attention to potentially relevant stimuli in our environment, whereas stimulus-driven attentional (re-)orienting allows for attentional disengagement and subsequent shift towards unanticipated, yet relevant, salient stimuli (Corbetta and Shulman, 2002; Corbetta et al., 2008). It seems plausible that mindfulness exerts differential effects on these components. To elaborate, reward-associated stimuli in oddball paradigms are commonly infrequently presented and relatively unexpected. In such case, results seem to reflect that mindfulness is associated with enhanced stimulus-driven attentional capture of such stimuli. In contrast, reward-associated stimuli in visual probe paradigms are expected and frequently presented. In such studies, mindfulness is associated with reduced voluntary attention towards such stimuli.

One excellent paradigm to investigate and differentiate voluntary attention from stimulus-driven attention to unexpected relevant stimuli is the Posner paradigm, also called the visuospatial cueing task (Posner et al., 1980). In such task, a cue indicates the likely location of a subsequent target to which a response is required. In a minority of trials, the target is presented at a location opposite as indicated by the cue. Generally, individuals respond faster to targets that are validly cued, and thus presented in the attended visual hemifield as opposed to targets that are invalidly cued and presented in the unattended visual hemifield. The relevant index is the validity effect, which is operationalized as the difference in response time to validly relative to invalidly cued targets (Posner et al., 1980). The validity effect represents the benefit in terms of speeded response times due to valid cueing relative to response time costs in the context of invalid cueing. It can be argued that enhanced voluntary attention in response to valid cueing results in faster responses and an enhanced validity effect. In contrast, stronger stimulus-driven attention is associated with enhanced attentional disengagement and reorienting in the context of invalid cueing, and results in a reduction of the validity effect (Corbetta and Shulman, 2002; Corbetta et al., 2008). In the VSC task, reward context can be operationalized by target characteristics (Failing and Theeuwes, 2014; Tsegaye et al., 2022). Specifically, an intrinsic reward context can be operationalized by target stimuli representing palatable food, which is known to trigger reward circuity in the brain, similarly to monetary target stimuli (Yousuf et al., 2018). Indeed, it may be questioned whether this will also translate into observable effects in normal healthy samples. In that vein, it should be noted that a recent systematic review showed no consistent difference in attentional bias comparing overweight/obese individuals to healthy controls (Hagan et al., 2020). This is also supported by our previous online study that suggested enhanced attentional bias in a palatable food relative to a neutral context, irrespective of BMI (Tsegaye et al., 2020).

Integrating the results from the aforementioned studies, the following hypotheses were postulated. Firstly, it was hypothesized that mindfulness would be associated with a reduced validity effect, reflecting a combination of reduced voluntary attention and increased stimulus-driven attention. Secondly, it was expected that this effect would be higher in a reward context, operationalized by palatable food associated stimuli, relative to the neutral context. Lastly, we explored the relationship between mindfulness and frontal alpha asymmetry as a brain activity index of approach tendency.



2 Methods


2.1 Participants

The sample size was determined using G*power (Faul et al., 2007, 2009). Detecting the relevant within/between-subjects interactions of small to medium effect size (Cohen’s f = 0.15) with power and alpha set at 0.80, and 0.05 respectively, required a minimal total sample size of 75. To account for potential attrition, and exclusion of cases due to erroneous data, we recruited a higher number of participants. Participants were recruited via social media, and from the student population. Participants were offered either a modest monetary incentive or course credit. Specifically, in total 95 participants (30 male, 65 female) with a mean age of 25.87 (SD = 7.38) participated. Individuals under 18 years old, and those diagnosed with a neurological and/or psychological disorder could not participate. All participants were fully informed and provided their written informed consent prior to any procedures. The study was approved by the Research Ethics Committee of the of the Institute of Psychology, Eötvös Loránd University (ELTE), and was conducted in accordance with the Declaration of Helsinki and its later amendments.



2.2 Materials


2.2.1 Platform

Demographic questions, and the Mindful Attention Awareness Scale (MAAS) self-report scale were implemented in Psytoolkit (Stoet, 2010; Stoet, 2017). The visuospatial cueing task was implemented in Opensesame (Mathôt et al., 2012).



2.2.2 Mindful attention awareness scale

The MAAS self-report questionnaire consists of 15 items and yields a measure of dispositional mindfulness (Brown and Ryan, 2003). The outcome variable is computed as the average of the item scores. A high scale score is thought to represent a relative higher level of dispositional mindfulness. Reliability is good, with a Cronbach’s alpha for the scale exceeding 0.80 (Brown and Ryan, 2003; van Dam et al., 2011).



2.2.3 Visuospatial cueing task

The visuospatial cueing task (VSC) was an adaptation of the original conceptualization by Posner et al. (1980). Figure 1 shows a typical trial. In the VSC task, the diamond shaped cue signals the likely location of the subsequent target. The distance from participants’ eyes to the screen was approximately 65 cm. The cue could point to the left, to the right, or could be neutral (empty, not informative). Subsequent to the cue, the target was presented in the left or right visual hemifield. Participants were required to indicate via button press (“A,” or “L”) whether the target was long (100×200 pixels) or short (100×120 pixels). Total trial duration was 3,100 ms. Three types of trials were included. In a valid trial, the target is presented at the visual hemifield indicated by the cue. In a neutral trial, the cue is not informative with respect to the location of the target. Lastly, in an invalid trial, the target is presented at the opposite visual hemifield. The experiment included one practice block, and two experimental blocks per condition (neutral or food). The practice block included nine valid trials, three neutral trials, and two invalid trials. Each experimental block consisted of 160 trials, consisting of 32 invalid trials, 32 neutral trials, and 96 valid trials. The only difference between the conditions was the type of target. In the neutral condition, targets were gray bars. In the food context, the targets consisted of depictions either chips, chocolate-chip cookies, nuts or chocolate. The order of conditions and response-target assignment was randomized across participants to control for non-specific (e.g., training/fatigue) effects. The relevant outcome variables are the average response time to validly, neutral, and invalidly cued targets in the neutral and food context. The validity effect represents the benefit of cueing on response time, specifically the reduced response time to validly cued targets relative to invalidly cued targets.
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FIGURE 1
 Valid trial in the food condition.




2.2.4 EEG data acquisition and preprocessing

The Mind Media Nexus 32 amplifier was used together with a 10/20, 21-channel (Ag/AgCl electrodes) cap. Electrophysiological activity was recorded by using the Mind Media NeXus-32 amplifier in combination with a 21-channel cap with Ag/AgCl electrodes (Mind Media B.V., The Netherlands). Data acquisition was at 512 samples per second, using the common average. Eye movements were recorded at the outer canthi of both eyes (HEOG), and supra-and infraorbital to the eye (VEOG). FAA was computed as follows, in accordance with Smith et al. (2017): specifically, raw EDF+ format data was filtered with a high pass filter of 0.5 Hz, and 40 Hz low pass filter with a notch filter of 50 Hz. The first and last 10 s of EEG data were discarded to prevent potential artifacts. Data was segmented to two-second epochs and corrected for eye-movement artifacts using Independent Component Analysis (ICA). Subsequently, the epochs were whole segment baseline corrected and epochs that included remaining artifacts, defined as +/− 75 microvolt relative to baseline were rejected. Power Spectral Density (PSD) was computed using Fast Fourier Transform (FFT) with a 10% Hanning window. These epochs were averaged, and mean activity (power) in the alpha frequency band (8–13 Hz) was computed for the contralateral F3 and F4 channels. The rank ordered distribution of alpha power is generally skewed, and to meet assumptions of the parametric tests, we corrected for skew using natural log transform (Smith et al., 2017). Finally, the FAA outcome variable was calculated by subtracting log transformed alpha at F3 from F4.




2.3 Procedures

Upon arrival at the lab, participants signed the informed consent form, and were seated in a comfortable chair in a dimly lit and sound attenuated room. The EEG cap was placed, and conductance gel was applied between the electrodes and scalp. After the signal was checked, 5 min eyes open and 5 min eyes closed resting state EEG was recorded. Subsequently, participants filled out the questionnaires to assess the standard demographic variables and MAAS score. Afterwards, participants performed the VSC task and Stop Signal Task (associated data was not part of the current report but will be presented elsewhere). Participants were provided with short breaks between the blocks, and tasks.



2.4 Statistical analyses

Data processing was performed using R (R Core Team, 2018), and statistical analyses were performed with SPSS (IBM Corp, 2019). Repeated measures ANCOVAs were planned a priori, with MAAS score as between-subjects factor, and condition (levels: neutral/reward), and validity (levels: valid/neutral/invalid) as within-subjects factors. We performed two tests of correlation (Pearson r) to test the relationship between MAAS score and FAA, for the eyes-open and eyes-closed condition. Alpha was set at 0.05. In case the assumption of sphericity was violated, Greenhouse–Geisser correction was applied.




3 Results

For the main VSC task analyses, participants (N = 72) were included that completed the VSC task and were engaged with the task, indicated by performance above chance level during all conditions and trial-types (proportion correct >0.5). We should note that the main results of the selected sample did not differ in terms of significance from the explorative whole group analyses. The MAAS score ranged from 2.40 to 5.33 (M = 3.93, SD = 0.60). Dispositional mindfulness did not affect the relationship between reward context (neutral/food) and validity (valid/neutral/invalid) regarding response time, F(1.79,125.41) = 0.30, p = 0.715, ηp2 = 0.004. Hence, this does not support that the relationship between dispositional mindfulness and voluntary relative to stimulus-driven driven attention differs between the conditions. However, as evident in Figure 2, dispositional mindfulness significantly reduced voluntary attention relative to stimulus-driven attention irrespective of reward context, as indicated by a significant interaction between dispositional mindfulness and validity (valid/neutral/invalid) regarding response time, F(1.77,124.02) = 3.73, p = 0.032, ηp2 = 0.051. This was also confirmed by subsequent post-hoc analysis, which revealed a reduced response time difference between validly cued targets and invalidly cued targets as a function of dispositional mindfulness level, F(1,70) = 4.70, p = 0.034, ηp2 = 0.063. There was an overall effect of cuing on response time. Specifically, the main effect of validity (valid/neutral/invalid) regarding response time was significant, F(1.77,124.02) = 6.75, p = 0.002, ηp2 = 0.088. Post-hoc testing revealed that responses were significantly faster for validly cued targets relative to invalidly cued targets [F(1,70) = 8.51, p = 0.005, ηp2 = 0.108], underscoring the validity of the paradigm. There was no main effect of dispositional mindfulness regarding response time, F(1, 70) = 3.04, p = 0.086, ηp2 = 0.042. Lastly, There was no significant association between dispositional mindfulness and frontal alpha asymmetry in both the eyes closed and eyes open condition, respectively r(95) = 0.034, p = 0.741, and r(95) = −0.084, p = 0.417. The significance did not change after the exclusion of outliers (defined as exceeding 2 SD from the mean).
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FIGURE 2
 Response time in ms as a function of validity and MAAS score, collapsed over condition.




4 Discussion

The current study focused on the relationship between dispositional mindfulness and voluntary and stimulus driven attention in contexts that differed in terms of intrinsic reward. The results partly confirmed our hypotheses. Specifically, dispositional mindfulness was associated with a reduction of the validity effect, plausibly reflecting a combination of reduced voluntary attention and enhanced stimulus-driven attention. In contrast to our hypotheses, this effect did not differ as a function of reward context. In addition, the observed relationship between dispositional mindfulness and visuospatial attention could not be explained by asymmetry of frontal brain activity.

Results of the current study suggest that mindfulness differentially impacts voluntary and stimulus-driven attention as indicated by the reduced validity effect. Interestingly, we did not find that reward context moderated the effect of dispositional mindfulness on the validity effect. It might be argued that such effect might be restricted to individuals affected by addiction and obesity (noting the considerable overlap of the latter with addiction in terms of behavioural challenges as well as the associated brain mechanism; Tsegaye et al., 2020). On the other hand, palatable food stimuli (intrinsically rewarding stimuli), have been shown to induce attentional bias in healthy participants, not only in obesity (Hagan et al., 2020). Either way, our sample consisted of healthy participants, and the paradigm included a narrow set of palatable food stimuli. Hence, we cannot fully exclude the possibility that effects might be different in addiction using a different set of stimuli associated with the drug of choice.

We also explored the potential relationship between dispositional mindfulness and asymmetry of frontal brain activity, indexed by FAA. If such relationship would be evident, FAA could be an interesting target for neuromodulatory approaches such as Transcranial Alternating Current Stimulation, Unilateral Muscle Contraction, or perhaps EEG-feedback, to potentially supplement mindfulness training (Kelley et al., 2017). However, results did not show evidence of such relationship. Though this could indicate that the relationship between dispositional mindfulness and visuospatial attention cannot be explained by asymmetry of frontal brain activity, appropriate nuance should be applied. It should be underscored that we did not perform a mindfulness intervention but assessed dispositional mindfulness and did not select individuals based on high vs. low mindfulness, which could be considered a limitation. As such, the range of dispositional mindfulness levels might have been too limited to detect an effect on FAA. On the other hand, it remains a possibility that the relationship between dispositional mindfulness and visuospatial attention is best explained by a different electrophysiological mechanism.

Some other limitations of the current study should also be noted. Based on previous studies that suggested a moderating role of reward context regarding the relationship between subject characteristics and executive control (Houben et al., 2014; Tsegaye et al., 2020), we included depictions of both savory and sweet snacks as target stimuli for the food context. However, we did not control for individual differences in food preference, which may result in enhanced variability and associated reduced statistical power to detect a potential moderating effect. Also, we must be careful with generalizing across other reward contexts. As argued before, effects may vary as a function of the exact operationalization of reward context.

Lastly, it may be argued that our implementation of the reward context does not only differ in terms of reward from the neutral context, but also in terms of stimulus complexity. It has been shown that higher stimulus complexity results in increased response times, due to enhanced processing that is required for such stimuli (Gajewski and Falkenstein, 2013). However, our data does not show a significant effect of reward context on mean response time (collapsed across trial-type), F(1,70) = 2.20, p = 0.143, ηp2 = 0.030.

In conclusion, together with previous observations, our results imply that mindfulness reduces voluntary goal-directed (top-down) attention while enhancing stimulus-driven (bottom-up) attention to salient unexpected stimuli in our environment.
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