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Water and Meadow Views Both Afford Perceived but Not Performance-Based Attention Restoration: Results From Two Experimental Studies
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Attention Restoration Theory proposes that exposure to natural environments helps to restore attention. For sustained attention—the ongoing application of focus to a task, the effect appears to be modest, and the underlying mechanisms of attention restoration remain unclear. Exposure to nature may improve attention performance through many means: modulation of alertness and one’s connection to nature were investigated here, in two separate studies. In both studies, participants performed the Sustained Attention to Response Task (SART) before and immediately after viewing a meadow, ocean, or urban image for 40 s, and then completed the Perceived Restorativeness Scale. In Study 1 (n = 68), an eye-tracker recorded the participants’ tonic pupil diameter during the SARTs, providing a measure of alertness. In Study 2 (n = 186), the effects of connectedness to nature on SART performance and perceived restoration were studied. In both studies, the image viewed was not associated with participants’ sustained attention performance; both nature images were perceived as equally restorative, and more restorative than the urban image. The image viewed was not associated with changes in alertness. Connectedness to nature was not associated with sustained attention performance, but it did moderate the relation between viewing the natural images and perceived restorativeness; participants reporting a higher connection to nature also reported feeling more restored after viewing the nature, but not the urban, images. Dissociation was found between the physiological and behavioral measures and the perceived restorativeness of the images. The results suggest that restoration associated with nature exposure is not associated with modulation of alertness but is associated with connectedness with nature.

Keywords: sustained attention, attention restoration theory, pupillometry, connectedness to nature, SART, waterscape, meadow, alertness


INTRODUCTION

Sustained attention is the skill of maintaining concentration and inhibiting distractions (Robertson et al., 1997), which is difficult to maintain and fluctuate over time (Williams et al., 2018). This important form of attention underpins more complex cognitive functions (Anderson and Doyle, 2004), and everyday tasks like driving (Robertson, 2003) and learning (Shannon et al., 2021), making it a good candidate for nature interventions. Attention Restoration Theory (ART) proposes that exposure to particular environments, especially nature, helps to restore attention after depletion because natural environments gently capture externally-focused (exogenous) attention processes, thereby allowing internally-focused (endogenous) attention to rest and be replenished (Kaplan and Kaplan, 1989; Kaplan, 1995; Williams et al., 2018). Sustained attention has often (Hartig et al., 1991; Berto, 2005; Craig et al., 2015; Lee et al., 2015; Schutte et al., 2017; Amicone et al., 2019), but not always (Van den Berg et al., 2003; Nguyen et al., 2018; Cassarino et al., 2019; Hicks et al., 2020; Neilson et al., 2020), been associated with performance improvement after exposure to nature. Two recent meta-analyses revealed that the effect size of nature exposure on sustained attention performance was minimal (Ohly et al., 2016; Stevenson et al., 2018) and it was noted that the mechanisms underpinning the effects of nature exposure on sustained attention performance are not well understood (Stevenson et al., 2018). Here, two different mechanisms were examined in separately—alertness and connectedness to nature.

Alertness, being ready to respond, can be divided into three forms, phasic alertness—short-term readiness to make a response following a warning signal, tonic alertness—baseline readiness linked to circadian rhythm and wakefulness, and intrinsic alertness—voluntary readiness independent of external influences (Sturm and Willmes, 2001; Unsworth et al., 2018). Arousal, the non-specific activation of the brain during the wake state of the sleep–wake cycle, overlaps conceptually with alertness, with the term alertness used when participants are performing cognitive processes (Oken et al., 2006). Alertness can be measured physiologically through the diameter of the pupil (Unsworth and Robison, 2016; Van den Brink et al., 2016; Unsworth et al., 2018) and via questionnaires such as the Karolinska Sleepiness Scale (Åkerstedt and Gillberg, 1990). Pupil size is partly driven by the release of noradrenalin throughout the neocortex by the locus coeruleus in the brainstem (Joshi et al., 2016). Locus coeruleus activity closely corresponds with performance on vigilance tasks in monkeys (Aston-Jones et al., 1999) and humans (Alnæs et al., 2014), pupil diameter (Alnæs et al., 2014; Joshi et al., 2016), and participant-reported arousal (Alnæs et al., 2014; Morris et al., 2020).

Two forms of pupillary response, phasic and tonic, can be measured during a task. Phasic responses reflect momentary or task-induced changes in pupil size and are considered a measure of information processing load (Beatty, 1982). Tonic responses reflect a baseline pupillary response and are considered a measure of the internal state of alertness (Bradshaw, 1967; Beatty, 1982; Laeng et al., 2012). The relations between locus coeruleus tonic activity and task performance on sustained attention tasks vary along an upside-down U shape, where high and low levels of locus coeruleus tonic activity are associated with poor task performance, but intermediate levels are associated with strong task performance (Aston-Jones and Cohen, 2005; Oken et al., 2006). Accordingly, small and large tonic pupil diameter measures are associated with attentional lapses, as indicated by increased errors, slowing of responses, and increasing variability in responding (Kristjansson et al., 2009; Unsworth and Robison, 2016; Van den Brink et al., 2016; Unsworth et al., 2018). Sustained attention performance relies on a participant’s intrinsic alertness (Oken et al., 2006) and is influenced by task-level factors including the pace (Parasuraman, 1979) and dullness of the task (Robertson et al., 1997). The task-level factors can be standardized by using one dull task, such as the Sustained Attention to Response Task (SART; Robertson et al., 1997). Performance on the SART activates the brain networks involved in sustaining attention (Manly et al., 2003) and correlates with the Cognitive Failures Questionnaire (CFQ; Broadbent et al., 1982) and the Attention-Related Cognitive Errors Scale (ARCES; Carriere et al., 2008; Smilek et al., 2010).

Three studies to date have examined the associations between nature images and pupil diameter; participants viewed photographs rated either high or low in restorative value (Nordh et al., 2010; Martínez-Soto et al., 2019; Marois et al., 2021). Nordh and colleagues noted that pupil size was smaller when participants viewed park photos they rated as more restorative. They interpreted these results to suggest that the more restorative park photos might have heightened relaxation resulting in a constriction of the pupil. The other two papers, in contrast, found that pupil diameter was larger when participants viewed high compared with low restorative photos. Martínez-Soto and colleagues interpreted these results within the context of the emotional valence of the photos, suggesting that a greater emotional response associated with higher restorative ratings of the photos was associated with a larger pupil size (Martínez-Soto et al., 2019). Marois and colleagues suggested that the nature images with higher restoration potential, the high-mystery images, may have prompter greater engagement of attention with the natural images (Marois et al., 2021). In the current study pupil diameter was used as a measure of alertness during a sustained attention task to investigate if exposure to nature was associated with sustained attention performance and modulation of alertness. Stevenson et al. (2018) determined that exposure to actual rather than virtual natural environments provided a stronger and more reliable effect on measures of working memory, attentional control, and cognitive flexibility. All the studies reviewed in the meta-analysis that measured sustained attention (vigilance) had presented participants with pictures (virtual) of environments (Stevenson et al., 2018). Here, pupil diameter was measured using a lab-based Tobii eye-tracker with a high (300 Hz) sampling rate to gain an accurate measurement of pupil size. Because of the lab-based eye-tracker, a choice was made to use pictures of nature rather than exposure to actual natural environments.

Responses to natural and urban environments may be influenced by personal characteristics including identifying with, and connecting to, nature. For example, Wilkie and Stavridou (2013) showed that identifying with the country-side was associated with higher perceived restoration for natural images and lower perceived restoration for urban images, whereas preferring the city was associated with similar restoration ratings for natural and urban images (Wilkie and Stavridou, 2013). The effects on restoration outcomes appear less clear, with a follow-up study reporting similar differences for positive mood, but not for negative mood or attention (Wilkie and Clouston, 2015). Connectedness to nature is defined as an individual’s cognitive and emotional bond to the natural world (Mayer and Frantz, 2004). Recent studies have suggested a positive association between connectedness to nature, perceived restoration (Berto et al., 2018; van den Bogerd et al., 2018) and preference for higher, possibly more naturalistic vegetation in urban settings (Lee et al., 2014). It is unclear, however, whether individuals with low connectedness to nature find non-natural settings (e.g., urban environments) restorative, as proposed by Berto et al. (2018). It may be that an individual perceives an environment to be restorative when that environment has a biophilic quality that is compatible with that person’s level of connectedness to nature (Berto et al., 2018). As the restorative potential of a setting varies from person to person (Hartig et al., 1997), perhaps for people with a weak connectedness to nature being presented with a less natural environment may allow them to experience higher perceived restoration (Berto et al., 2018). Therefore, it would be interesting to examine whether an urban environment has the potential to be perceived as restorative among those with low connectedness to nature. Exploring the relation between connectedness to nature and perceived restorativeness would provide insight into whether the perceived restoration of natural and urban environments differ for individuals with varying degrees of connectedness to nature.

Although water is present in studies investigating sustained attention and exposure to nature, little consideration has been given to the differential effect that water in landscapes or waterscapes may have had on sustained attention performance or perceived attention restoration. Behavioral evidence from studies using natural stimuli containing both vegetation and water showed restorative effects on sustained attention, attentional capacity, and the attention networks (Hartig et al., 1991; Berto, 2005; Berman et al., 2008; Mayer et al., 2009; Craig et al., 2015). In contrast, Van den Berg et al. (2003) found that videos of water in natural and urban settings had no restorative benefit on sustained attention (Van den Berg et al., 2003). Only two studies have examined specifically the effects of water views on attention performance, with neither study finding water images to be more restorative than urban or greenery images (Emfield and Neider, 2014; Nguyen et al., 2018). These studies provide equivocal evidence of the restorative effects of water views on attention performance. In terms of perceived attention restoration, several researchers have found that both natural and urban scenes with water were associated with greater perceived restorative potential than those without water (Völker and Kistemann, 1982; Purcell et al., 2001; Felsten, 2009; White et al., 2010; Grassini et al., 2019). White et al. (2010) found a dose–response effect of water on perceived restorativeness, but water-only images were perceived as less restorative than mixed and greenery-only images (White et al., 2010). These findings conflict with work by Nielson and colleagues (2017), which showed no consistent pattern in the effect or proportion of water on perceived restorativeness and no evidence of difference in perceived restorativeness between water-only and greenery-only images (Nielson et al., 2018). Views of water alone may be equivalent or possibly less restorative than views containing greenery.

This paper describes two studies that attempt to understand better the roles played by alertness and connection to nature in the interplay between sustained attention performance and exposure to nature. In Study 1, the differential effects of viewing images of meadow, water, and urban environments on sustained attention performance, alertness, and perceived restorativeness were measured. Study 2 was a modified and extended replication of Study 1 with a focus on the role of connectedness to nature on sustained attention performance and perceived restorativeness.


Study 1

Sustained attention performance is dependent upon an appropriate level of alertness (Alnæs et al., 2014). Exposure to nature may lead to an improvement in alertness from either low (Lee et al., 2015) or a high level (Ulrich et al., 1991). Lee et al. (2015) postulated that the maintenance of sustained attention control after viewing a flowery meadow roof image, compared with a degradation in performance following the viewing a concrete roof image, was due to nature gently stimulating one’s level of alertness after becoming fatigued. Study 1 aimed to examine differential effects of viewing images of a meadow, an ocean, and an urban view on sustained attention performance, alertness, and perceived restoration. The procedure of Lee et al. (2015) was used, where participants completed the SART, then viewed an image for 40s that simulated a micro-break away from concentrating on the task, and then completed the SART again. Consistent with the literature showing the attentional benefits of exposure to green spaces, including Lee et al. (2015) and Schutte et al. (2017). Hypothesis 1 was that sustained attention performance would decline least for participants allocated the meadow image, moderately for those allocated the ocean image, and most for those allocated the urban image, as measured by SART performance. Hypothesis 2 predicted that alertness, as indexed by tonic pupil diameter, would decline least for the participants viewing the meadow image, moderately for those viewing the ocean image, and most for those viewing the urban image during the SART. In line with previous research on waterscapes (Nielson et al., 2018), Hypothesis 3 was that perceived restorativeness, as measured by scores on the Perceived Restorativeness Scale (Hartig et al., 1997), would be similar for the participants viewing the meadow and ocean images, and higher for those viewing the nature images than the urban image.



Study 1 Method


Participants

Seventy-nine participants were 1st year psychology students who received course credit for their participation. Participants were randomly assigned to one of three groups (meadow, ocean, or urban), using a Latin square. Toward the end of recruitment, a small number of participants were directly allocated to the groups to achieve gender balance. Six participants were excluded because they reported taking medications that might impact their thinking skills, including medications for psychosis, depression, or anxiety. A further five participants were excluded for making 30 or more omission errors on the SART as per the procedure of Lee et al. (2015), suggesting they were not attempting the task appropriately. The final sample was 68 participants (see Table 1). Ethics approval for this study was received from the University of Melbourne Psychological Sciences Human Ethics Advisory Group (ethics approval ID 1954077.1).



TABLE 1. Descriptive statistics for participants’ demographic, KSS, ARCES, and PRS scores by Group, for Study 1.
[image: Table1]



Materials and Apparatus


Stimuli Selection

Three images were taken from a realistic human observer perspective in similar weather conditions (see Figures 1–3). Two-thirds of each image was filled with the experimental environment (meadow, ocean, or urban) and one third with blue sky and white clouds. The three images presented similar complexity and were perceived by the authors as high in restorative characteristics (Kaplan, 1995). No people or animals were present in any of the images. Vegetation, water, and urban elements were each present in one image only and excluded from other images.

[image: Figure 1]

FIGURE 1. The meadow image shown for 40 s between the baseline and post-intervention SARTs in Studies 1 and 2.


[image: Figure 2]

FIGURE 2. The ocean image shown for 40 s between the baseline and post-intervention SARTs in Studies 1 and 2.


[image: Figure 3]

FIGURE 3. The urban image shown for 40 s between the baseline and post-intervention SARTs in Study 1.




Scales




The Attention-Related Cognitive Errors Scale. The Attention-Related Cognitive Errors Scale (ARCES) is a 12-item self-report scale measuring the behavioral consequences of attention lapses in everyday situations (Carriere et al., 2008). Participants rated how frequently such attention lapses occurred to them on a 5-point Likert scale ranging from 1 (never) to 5 (very often). Scores on the revised ARCES correlate positively with errors on the SART (Cheyne et al., 2006; Smilek et al., 2010). In this dataset, the ARCES had high internal consistency, Cronbach’s α = 0.85.





The Karolinska Sleepiness Scale. The Karolinska Sleepiness Scale (KSS) is a single-item self-report scale used to assess an individual’s level of sleepiness (Åkerstedt and Gillberg, 1990). Participants rated their current level of sleepiness on a 9-point Likert scale ranging from 1 (extremely alert) to 9 (extremely sleepy).





The Perceived Restorativeness Scale. The Perceived Restorativeness Scale (PRS) is a 26-item measure of the perceived restorativeness of a particular environment (Hartig et al., 1997). The PRS is divided into four subscales: Being Away, Fascination, Coherence, and Compatibility. Participants used a 7-point Likert scale to rate the degree to which each of the 26 statements applied to their experience of viewing the image (0 = Not at all; 6 = Completely). In this dataset, the internal consistency of the PRS was high, Cronbach’s α = 0.94.





Sustained Attention to Response Task. The random version of the SART (Robertson et al., 1997) was administered using E-Prime 2.0 on a desktop computer with a Tobii TX300 eye-tracking monitor. Single digits from 1 to 9 appeared in the middle of the computer screen in a pseudo-random sequential order, such that the no-go “3” never appeared twice in a row. Twenty-two SART cycles of nine digits were presented, totaling 198 trials. Each trial consisted of the presentation of a fixation cross for 500 ms, followed by the digit for 150 ms, then by another fixation cross for 2,000 ms and then a variable period—a jitter, ranging between 1,170 and 1859 ms, while the fixation cross was shown. Accounting for the jitter, the inter-stimulus interval (ISI) ranged from 3,820 to 4,509 ms. The jitter was introduced to allow the pupil diameter to return to its tonic level after the visual presentation of the SART stimuli. The digits and cross were displayed in black Arial typeface on a white background. Participants completed a 9-trial practice SART, which contained one No-Go digit (“3”). The first (baseline SART) and second (post-intervention SART) SARTs each consisted of 22 No-Go trials and 176 Go trials. Each SART took approximately 14 min to complete.





Eye-Tracking. Pupil diameter was used as a measure of alertness. Pupil diameter was recorded using Tobii TX300, an eye-tracking device built into a 23-inch monitor. The monitor resolution was fixed at 1,920 × 1,080 pixels and the sampling rate was 300 Hz, generating 300 binocular data samples per second. A fixed chinrest, positioned 65 cm from the monitor, was used to restrict head movement and ensure optimal eye-tracking accuracy. A nine-point calibration procedure preceded each SART and image viewing.





Procedure

Participants were tested individually in a laboratory lit with indirect fluorescent lighting. After being informed about the study and signing a consent form, participants completed a demographic questionnaire, the KSS, and the ARCES on Qualtrics. Participants were then invited to sit in front of the computer monitor and adjust their position to fit the chinrest most comfortably. Participants received instructions to left-click on the computer mouse whenever any digit other than “3” appeared (Go trials), not to click when the digit “3” was presented (No-Go trial), and to respond as quickly and accurately as possible. Participants completed the practice SART before completing the baseline SART. After completing the baseline SART, a digital image representing a meadow, an ocean, or an urban city, was presented in full screen for 40 s, using Tobii Studio software. Participants were told that they could look freely at the image and to do nothing else during this time. After viewing the image, participants completed the post-intervention SART and then returned to Qualtrics to complete the KSS and the PRS.



Data Preparation

The behavioral and eye-tracking data collected via E-Prime and the Tobii TX300 eye-tracker were imported to MATLAB for cleaning and analysis.


SART Data

The SART data were prepared and analyzed according to a published method (Johnson et al., 2020), with the scripts available at DOI: 10.17605/OSF.IO/NTWY7. Data from the SARTs were divided into two (trials 0–99 and 100–198), to measure for any differences in performance across the course of the task. Time-on-task effects are an effective measure of change and potential decline in performance (Johnson et al., 2007). Omission errors, a failure to respond to the Go stimuli, and commission errors, responding to the No-Go stimulus “3,” were counted for each half of the baseline and post-intervention SARTs. After response times (RTs) less than 100 ms were removed (Luce, 1986), RTs were fitted to an ex-Gaussian distribution using maximum-likelihood-based distribution-fitting routines (Lacouture and Cousineau, 2008), and mu, sigma, and tau were fitted to each participant’s data set using MATLAB. Mu, sigma, and tau were calculated for each SART half. Mu and sigma represent the mean and variability of the Gaussian distribution, respectively, where tau measures the centrality of the exponential component of the RT data and represents the skewed tail of the distribution. Tau reflects very long RTs and is thought to indicate attention lapses (Leth-Steensen et al., 2000).



Pupil Data

Right and left pupil diameter data were analyzed separately, per participant. The data were segmented into 198 trials and analyzed on a trial-by-trial basis. Pupil data from trials with either a commission or an omission error were excluded. The data from 500 ms before stimulus onset to 2.1 s after onset were analyzed. Outliers and blinks were identified and excluded. Trials with 50% or more of the pupil data missing were noted, and individuals were excluded if more than 50% of their trials were missing. The mean tonic pupil diameter per trial was calculated from the 150 pupil diameter data points recorded between −500 ms (trial onset) and 0 ms (stimulus onset). These data were then averaged across the left and right eyes. The grand mean tonic pupil diameter per participant per half of each SART was then calculated. These data were then used to calculate the linear change in mean tonic pupil diameter by taking the coefficient of the linear regression, treating mean tonic pupil size as the outcome variable and trial order as an independent variable. The linear change in tonic pupil diameter per participant per half of each SART was then calculated.



Missing Data

Pupil data from the post-intervention SART were missing for one participant. After missing data was replaced with the mean values of the whole sample (calculated for each trial), analyses were run with and without this participant’s dataset. The overall pattern of results did not differ therefore this dataset was included in all analyses.




Statistical Analyses

The dependent variables were the errors of omission and commission, mu, sigma, tau, linear change in tonic pupil diameter, and mean tonic pupil diameter for each half of the baseline and post-intervention SARTs, the KSS at baseline and post-intervention, and the PRS scores. Each dependent variable was calculated per participant and averages were calculated for each of the three groups. Statistical analyses were conducted using R version 3.5.2, RStudio version 1.2.1320, and the lme4 and stats packages (R Core Team, 2012; Bates et al., 2020). All hypotheses were tested with an alpha set at p < 0.05.

Prior to hypothesis testing, any demographic and characteristic differences between the three groups were investigated using a one-way between groups analysis of variance (ANOVA) for parametric data, independent-samples Kruskal-Wallis test for non-parametric data, and Pearson’s Chi-Square test for categorical data. To examine whether participants were fatigued before the image intervention, within-group differences between the two halves of the baseline SART were investigated using a repeated measures t-test for parametric and related-samples Wilcoxon Signed Ranked test for non-parametric data. To test if participants were feeling sleepier after completing the two SARTs, any differences between the baseline and post-intervention KSS were tested using a repeated measures two-way ANOVA with Group and Time (baseline, post-intervention) as the factors.

Linear mixed-effects models were used to test the first and second hypotheses. Each of the SART variables (commission errors, mu, sigma, tau) and pupil variables (linear change in tonic pupil diameter, mean tonic pupil diameter), were modeled separately. The fixed effects: Baseline SART variable, Age, Sex, Group, SART Half, and the interaction between Group and SART Half, were included to explain variance in participants’ post-intervention SART and pupil measures. Each individual participant was added as a random effect. To test hypothesis 3, group differences (meadow, ocean, urban) on the PRS main and subscale scores were analyzed using a one-way ANOVA. An independent-samples Kruskal-Wallis test was used to examine group differences when violations of normality occurred. When the overall test was significant, a post-hoc Tukey HSD test was used alongside the one-way ANOVA, and Dunn’s test alongside the Kruskal-Wallis test, to perform multiple pairwise comparisons between the three groups to examine where the significant differences lay.




Study 1 Results


Demographic Data and Participant Characteristics

The three groups did not differ in terms of age, sex, handedness, or ARCES (see Table 1).



Baseline SART Performance and Pupil Data

Descriptive statistics for each SART outcome measure are presented in Table 2. There were no baseline group differences in either SART half for any of the SART or pupil measures. Very few omission errors were made therefore no further analyses of this measure were undertaken. Taking each group separately and examining if there were differences between the two halves of the first SART, the linear change in tonic pupil diameter decreased in the first half and then increased in the second half of the baseline SART for the meadow group, T = 23.0, z = −3.79, p < 0.001, r = −0.56. Likewise, it decreased in the first half but then plateaued in the second half for the ocean, T = 3.0, z = −4.99, p < 0.001, r = −0.72, and urban groups, T = 4.0, z = −4.50, p < 0.001, r = −0.69. The mean tonic pupil diameter significantly decreased from the first to second half of the baseline SART for all three groups, meadow, t(22) = 2.85, p = 0.009, ocean, t(23) = 4.91, p < 0.001, urban, t(20) = 3.83, p = 0.001. For the SART variables, there were no significant half effects during the baseline SART for any group (see Supplementary Table S1).



TABLE 2. Descriptive statistics for each group for the SART and pupillometry variables for Study 1.
[image: Table2]



KSS at Baseline and Post-intervention

There was no significant difference in the Karolinska Sleepiness Scale (KSS) score between the three groups (see Table 1). There was a significant time main effect, with all three groups indicating an increase in sleepiness after the post-intervention SART. There was no interaction between time and group.



Hypothesis 1: Sustained Attention Performance

There was no difference in sustained attention performance outcomes across the three groups. For the commission errors, mu, and tau, baseline SART performance was a significant predictor of performance in the post-intervention SART (see Table 3). For tau, more extremely slow responses in the second compared with the first half of the post-intervention SART were made by all groups (see Table 2). There were no other significant effects of Group, Age, Sex, SART Half, or Group by SART Half interaction for these measures. For sigma, none of the predictor variables explained a significant amount of variance in the post-intervention SART performance.



TABLE 3. Results from the Linear Mixed-Effects Models for Hypotheses 1 and 2 for Study 1.
[image: Table3]



Hypothesis 2: Tonic Pupil Diameter

There was no difference in the tonic pupil diameter measures across the three groups. For both the pupil diameter measures, the baseline SART measurement was a significant predictor of the post-intervention SART measurement (see Table 3). All participants, irrespective of group, showed a decrease in linear change in tonic pupil diameter in the first half and a plateau in the second half of the post-intervention SART, while the mean pupil diameter decreased from the first to second half of the post-intervention SART (see Tables 2, 3). Group, Age, Sex, and the Group by SART Half interaction were not significant for either pupil diameter measure (see Table 3).



Hypothesis 3: Perceived Restorativeness


Complete Scale

There was a significant group difference for the mean PRS score (see Table 1). Post-hoc tests indicated that viewing the image of the meadow or the ocean was perceived as being more restorative than viewing the urban image, p = 0.001 and p = 0.005, respectively. There was no significant difference in perceived restorativeness between viewing the meadow and ocean images, p = 0.849.



Subscales

For both the Being Away and Coherence subscales, there were significant Group differences (see Table 1), in which participants rated the meadow, Being Away p = 0.008, Coherence p = 0.002, and ocean, Being Away p = 0.009, Coherence p = 0.002, images as more restorative than the urban image. No difference was found between the meadow and ocean images, Being Away p = 0.996, Coherence p = 0.999. For the Fascination and Compatibility subscales, there were no significant Group differences.





Study 1 Discussion

Contrary to expectations, there were no group differences in performance on the SART or in pupillometry measures post the image intervention. During the baseline SART all three groups performed well and were able to maintain their performance across the two halves. The decline in mean tonic pupil diameter over the course of the baseline SART, however, suggested that all three groups were becoming less alert. During the post-intervention SART participants in all groups made more extremely long responses, as indicated by the tau measure, in the second half of the task. Tau is thought to index attentional lapses (Leth-Steensen et al., 2000). The measured increase in tau in the second half of the task is interpreted as evidence of an increase in attentional lapses, which may be a consequence of cognitive fatigue. This finding was supported by evidence of physiological lowering of alertness, with the tonic pupil size diminishing across the course of the task, in all three groups. A time-on-task effect indicated by a diminishment of pupil size over the course of the task is consistent with the literature (Unsworth and Robison, 2016; Van den Brink et al., 2016). All three groups indicated an increase in sleepiness on the KSS from before the baseline SART and immediately after the post-intervention SART, and there was no effect of the image viewed on the KSS. Nevertheless, participants reported feeling more restored after viewing either nature image, particularly in terms of Being Away and Coherence, with no differences noted between the meadow and ocean groups. Previous research most often uses nature images with a combination of water and vegetation, and this combination is perceived as most restorative (White et al., 2010). Here, with the meadow and ocean clearly differentiated, both were perceived as equally restorative. There were no differences between the three images in terms of the fascination and compatibility sub-scales of the PRS. The urban image was a scene from a rooftop, which might afford a more expansive and evocative outlook. This image was modified in Study 2 to test this interpretation. These findings suggest performing two SARTs results in a fatiguing effect, and that while viewing the nature images did not provide physiological or behavioral benefits, providing no support for Hypotheses 1 and 2, participants noted a sense of restoration from the meadow and ocean images, supporting Hypothesis 3.



Study 2

Study 2 was a modified and extended replication of Study 1. First, eye-tracking was not performed because the study was conducted online due to the COVID-19 pandemic. Second, a ground-level version of the urban stimulus was used to address limitations associated with inconsistent visual perspectives across the three images. In Study 1, the meadow and ocean images were taken at ground-level, whereas the urban image was taken from a rooftop. A high-level perspective, such as the urban view used in Study 1, affords greater perceptual and conceptual coherence (Slepian et al., 2015), and therefore greater extent. This may have increased perceived restorativeness and influenced the results relating to the urban view in Study 1. Third, the Connectedness to Nature Scale (CNS) was included to investigate if one’s connectedness to nature was associated both with sustained attention performance and perceived restoration after viewing one of the three images. Beneficial effects of nature on sustained attention performance may depend on how much the participant felt connected to nature (Mayer and Frantz, 2004).

Keeping the hypotheses similar between the two studies based on the previous literature, Hypothesis 1 was that sustained attention performance would decline least for the meadow group, moderately for the ocean group, and most for the urban group, as measured by SART performance. Hypothesis 2 was that perceived restorativeness would be similar for the meadow and ocean groups, and higher in the nature groups than in the urban group. Hypothesis 3 predicted that connectedness to nature would moderate the relation between the type of image viewed and both sustained attention performance and perceived restoration. Higher CNS scores in the meadow and ocean groups but lower CNS scores in the urban group were expected to predict better SART performance and higher PRS scores.



Study 2 Method


Participants

Two hundred and fifteen participants were from the 1st-year psychology participant pool (n = 182) and the broader population (n = 33). They had not participated in Study 1. Participants were randomly assigned to one of three groups (meadow, ocean, or urban). Toward the end of recruitment, a small number of participants were directly allocated to the ocean group to achieve approximately equal group sizes. Fifteen participants were excluded because they reported a diagnosis of a condition that might impact their thinking skills, such as depression, anxiety, or Attention Deficit Hyperactivity Disorder. One participant was excluded because they had taken medication that may have affected their cognitive performance, and 13 were excluded for making 30 or more omission errors on the SART. The final sample included 186 participants (see Table 4). Ethics approval for this study was received from the University of Melbourne Psychological Sciences Human Ethics Advisory Group (ethics approval ID 1954077.3).



TABLE 4. Descriptive statistics for participants’ demographics, KSS scores, ARCES scores, PRS scores, and CNS scores for each group, for Study 2.
[image: Table4]



Materials and Apparatus


Stimuli Selection

The meadow and ocean images were taken from Study 1 and the urban image was taken from a personal collection (see Figure 4).

[image: Figure 4]

FIGURE 4. The urban image shown for 40 s between the baseline and post-intervention SARTs in Study 2.




Scales

The ARCES, KSS, and PRS from Study 1 and the Connectedness to Nature Scale (CNS) were used. The CNS is a 14-item self-report scale that measures an individual’s affective connection to the natural world (Mayer and Frantz, 2004). Participants rated, on a 5-point Likert scale, the degree to which each of the 14 statements applied to them (1 = Strongly Disagree; 5 = Strongly Agree). In this dataset, the CNS had high internal consistency, Cronbach’s α = 0.83.



Sustained Attention to Response Task

The random version of the SART was administered online through Inquisit software by Millisecond. Twenty-five SART cycles of the nine digits were presented, totaling 225 trials, presented in a pseudo-randomized order. A trial sequence consisted of the digit appearing for 250 ms, followed by a mask (cross within a circle) for 900 ms. The inter-trial interval was 1,150 ms. The digits and mask were displayed in white Arial typeface on a black background. Participants completed an 18-trial practice SART, which contained two No-Go digits (“3”). The baseline and post-intervention SARTs consisted of 25 No-Go trials and 200 Go trials each. Each SART took approximately 4 min to complete.




Procedure

The study was administered online via Qualtrics and Inquisit, and participants were tested in their own time, on their own computer. All instructions were provided visually. After receiving information about the study, participants provided informed consent. Participants completed a demographic questionnaire, the KSS, and the ARCES on Qualtrics. They then installed Inquisit Player software to complete the SART. Upon starting the SART on Inquisit, participants were instructed to press the spacebar with their dominant hand’s index finger as quickly and accurately as possible every time they saw a digit other than “3” appear on the screen (Go trials) and withhold their response when the digit “3” appeared (No-Go trial). Participants completed the practice SART before completing the baseline SART. After the baseline SART, a digital image representing a meadow, an ocean, or an urban view was presented on full screen for 40 s using Inquisit. Participants were instructed to look freely at the image and to do nothing else during this time. After viewing the image, participants completed the post-intervention SART, and then returned to Qualtrics to complete the KSS, PRS, and CNS.



Data Preparation

The SART data were imported into MATLAB for cleaning and analysis using the same method as Study 1.



Statistical Analyses

The dependent variables were the errors of omission and commission, mu, sigma, and tau for each half of the baseline and post-intervention SARTs, the KSS before and after the SARTs, and the PRS scores. The moderating variable for Hypothesis 3 was the CNS score. Each dependent and moderating variable was calculated per participant and averages were calculated for each of the three groups. Statistical analyses were conducted using the same software as Study 1. All hypotheses were tested with an alpha set at p < 0.05.

Prior to hypothesis testing, differences between the three groups and within-group differences between the two halves of the baseline SART were investigated using the same method as Study 1. To test if participants were feeling sleepier after completing the two SARTs, any differences between the baseline and post-intervention KSS were tested using a repeated measures two-way ANOVA with group and time (baseline, post-intervention) as the factors. The same analysis techniques from Study 1 were used to test the first two hypotheses. To test Hypothesis 3, moderation analyses using multiple linear regression with an interaction term between Group and CNS scores, in predicting SART performance and PRS scores, were conducted.




Study 2 Results


Demographic Data and Participant Characteristics

The three groups did not differ in terms of age, sex, handedness, mean ARCES, or mean CNS scores (see Table 4).



Baseline SART Performance

Descriptive statistics for each SART outcome measure are presented in Table 5. There were no baseline group differences in either SART half for any of the SART measures. Very few omission errors were made in either SART, therefore no further analyses of this measure were undertaken. Taking each group separately and examining if there were differences between the two halves of the task, sigma significantly increased for the urban group, T = 429, z = −3.58, p < 0.001, r = −0.33, and tau significantly increased for the ocean group, T = 625, z = −2.13, p = 0.033, r = −0.19. There were no other significant differences between the baseline SART halves for the other SART variables for any of the three groups (see Supplementary Table S2).



TABLE 5. Descriptive statistics of each group for the SART variables for Study 2.
[image: Table5]



KSS at Baseline and Post-intervention

There was no significant difference in the Karolinska Sleepiness Scale (KSS) between the three groups. There was a significant time main effect, with all three groups indicating an increase in sleepiness after the post-intervention SART. There was no interaction between time and group.



Hypothesis 1: Sustained Attention Performance

There was no difference in sustained attention performance outcomes across the three groups. For all the SART measures, baseline SART performance explained variance in post-intervention SART performance (see Table 6). Younger participants made more commission errors than older participants in the post-intervention SART. Irrespective of group, participants showed a significant increase in sigma from the first to second half of the post-intervention SART. There were no other significant effects of Age or SART Half, and there were no significant effects of Group, Sex, or Group by SART Half interaction for any of the measures.



TABLE 6. Results from the Linear Mixed-Effects Models for Hypotheses 1 and 3 for Study 2.
[image: Table6]



Hypothesis 2: Perceived Restorativeness


Complete Scale

The mean PRS score differed significantly between the three groups (see Table 4). Post-hoc tests indicated that viewing the image of the meadow or the ocean were perceived as more restorative than viewing the urban image, both p < 0.001. There was no significant difference in perceived restorativeness between viewing the meadow and ocean images, p = 0.353.



Subscales

For the Being Away, Coherence, Fascination, and Compatibility subscales, there were significant Group differences, in which participants rated the meadow, Being Away p < 0.001, Coherence p = 0.005, Fascination p < 0.001, Compatibility p < 0.001, and ocean, all subscales p < 0.001, images as being more restorative than the urban image. No significant difference was found between the meadow and ocean images, Being Away p = 0.999, Coherence p = 0.900, Fascination p = 0.393, Compatibility p = 0.356.




Hypothesis 3: Connectedness to Nature, Group, and SART Performance

The CNS scores had no moderating effect on any of the SART measures. There were no significant main effects of CNS score or Group and no interactions between Group and CNS for any of the SART measures (see Table 6).



Hypothesis 3: Connectedness to Nature, Group, and Perceived Restorativeness

For the PRS complete scale, a main effect of Group and an interaction between Group and CNS scores were found, but there was no main effect of CNS score. For the main effect of Group, the meadow and ocean images were rated more highly on the PRS than the urban image, and the meadow and ocean images were rated similarly (see Table 7). For the interaction, participants who reported lower CNS scores were less likely to report a high PRS score after viewing their image, irrespective of their group. Those with higher reported CNS scores who viewed the meadow and ocean images rated those images with a higher PRS compared with those who viewed the urban image (see Figure 5).



TABLE 7. The moderation analysis examining the interaction between group and Connectedness to Nature Scale (CNS) scores, in predicting the Perceived Restorativeness Scale (PRS) Score in Study 2.
[image: Table7]

[image: Figure 5]

FIGURE 5. The interaction between Connectedness to Nature Scale scores and group on the Perceived Restorativeness Scale scores, from Study 2. The grey shading represents the 95% confidence intervals.





Study 2 Discussion

Contrary to predictions, there were no group differences in performance on either half of the post-intervention SART. During the baseline SART there was an increase in sigma for the urban group and in tau for the ocean group, but random allocation to the three groups was used and these slight group differences occurred before presentation of the image. Like Study 1, there was no effect of the image on SART performance, providing no support for Hypothesis 1. In this faster version, with each digit appearing every 1.15 s compared with 3.8 to 4.5 s in the eye-tracking SART, all participants performed the second half of the post-intervention SART with increased sigma rather than tau, as found in Study 1. Sigma is a measure of RT variability that indexes lapses in sustained attention (Johnson et al., 2015). This change is interpreted as a sign of attentional fatigue and was noted in all three groups. As in Study 1, the baseline SART may have caused small levels of attentional fatigue that only became manifest when completing the second, post-intervention SART. Indeed, all three groups reported an increase in sleepiness from before the baseline SART to after completing the second SART, and there was no effect of the image on the KSS measure. Younger participants made more commission errors than older participants during the post-intervention SART. This observation may reflect better impulse control with age (Vallesi et al., 2021) and is consistent with research by Carriere et al. (2010) in which SART errors tended to decrease linearly with age (Carriere et al., 2010). No age effect was observed on the other SART variables.

As predicted and consistent with Study 1, the natural images were perceived as more restorative than the urban image, and the meadow and ocean images were rated as equally restorative, supporting Hypothesis 2. In contrast with Study 1, these results held true for all four subscales. This finding provides support for the speculation that the rooftop view offered by the urban image in Study 1 explained the lack of difference in fascination and compatibility between the three groups.

How connected one felt to nature was not associated with SART performance, irrespective of which image was viewed. Nevertheless, connectedness to nature did moderate the relation between viewing images of natural environments and how restorative the image was perceived. While high CNS scores predicted high PRS scores for the meadow and ocean groups, low CNS scores did not predict higher PRS scores for the urban group. The third hypothesis was partially supported. This finding is consistent with van den Bogerd et al. (2018), who found that individuals with a strong connectedness to nature rated green spaces as more restorative than individuals with low connectedness to nature (van den Bogerd et al., 2018). The finding runs against the idea that those with low connectedness to nature might have experienced higher restoration when presented with low biophilic environments, as proposed by Berto et al. (2018). Here, for participants with a weaker connectedness to nature, how restorative the image was perceived was not associated with the content of the image.




GENERAL DISCUSSION

Two recent meta-analyses suggested that the effects of nature exposure on sustained attention performance are small and the mechanisms underpinning this effect remain unclear (Ohly et al., 2016; Stevenson et al., 2018). The present research aimed to examine if viewing images of vegetation, water, or an urban setting led to a change in alertness (Study 1) and behavioral performance on the Sustained Attention to Response Task (SART; Studies 1 and 2), the perceived restorative value of that image (Studies 1 and 2), and the extent to which one’s connection to nature played a role in both sustained attention performance and the perceived restoration of the viewed image (Study 2). There were three key findings. First, there was no difference in the pupillometry measures of alertness, sustained attention performance, or how sleepy participants felt after exposure to the meadow, ocean, or urban environment image. Second, both natural environments were perceived as being places with more restorative potential than the urban environment, with no difference found between the meadow and ocean views. Third, stronger connectedness to nature amplified the perceived restorativeness of the nature images, but not of the urban image; this effect was not noted in the behavioral performance on the SART. This differentiation between the physiological and behavioral findings compared with the perception of the restorative value of the images is novel. The findings provide new avenues for research on the mechanisms underpinning how nature exposure may operate to restore attention.

Lee et al. (2015) speculated that the beneficial effects of viewing a flowering meadow image on sustained attention performance may have been due to gentle stimulation of alertness leading to enhanced attention control. Using an eye-tracker, the present research found that viewing nature images did not beneficially influence tonic pupil diameter, a measure of alertness. All three groups showed a decrease in linear change in tonic pupil diameter in the first half and a plateau in the second half of the post-intervention SART, and a decrease in the mean pupil diameter from the first to second half of the post-intervention SART, both of which are suggestive of a decrease in alertness. Likewise, all three groups performed the SART with increased response time variability in the second half of the post-intervention SART (tau in Study 1, sigma in Study 2), suggestive of declining sustained attention. The reason why different forms of response time variability increased over the post-intervention task between the two studies is unclear but may be due to the timing differences of the two studies. In Study 1, the inter-trial interval varied between 3.8 and 4.5 s to enable enough time between trials for the pupil size to return to the tonic, baseline, level. In contrast, Study 2 excluded pupillometry and hence, used the standard Fixed SART with an inter-trial interval of 1.15 s. The longer inter-trial interval in Study 1 may have induced more attention lapses, as indexed by more very slow responses measured using tau. The shorter inter-trial interval in Study 2 may have induced more moment-to-moment variability in responding, as indexed by sigma. Using a psychomotor vigilance task, Unsworth and colleagues reported that with a long inter-stimulus interval of 8 compared with 2 s, or with a variable interval, participants performed the task with slower responses and with smaller tonic pupil diameter, suggesting that lapses of attention are associated with lower alertness levels (Unsworth et al., 2018). In both studies all three groups reported an increase in sleepiness, measured using the KSS, following completion of the two SARTs. The pupillometry data, together with the behavioral data from the SART, and the KSS measure, suggest that participants were becoming less attentive and alert over the course of the two SARTs. The SART is a deliberately fatiguing task; a cumulative effect of performing the SART twice may have occurred. To date this is the first study to use pupillometry during a sustained attention task to test the immediate effects of viewing a nature image. The three other studies using pupillometry measured pupil diameter as participants viewed photos of different forms of nature, finding opposite effects (Nordh et al., 2010; Martínez-Soto et al., 2019; Marois et al., 2021). Here, the participants showed physiological and behavioral evidence of fatigue during both the baseline and post-intervention SARTs, and reported feeling sleepier after completing both SARTs, but with no relief proffered by viewing the nature images for the 40 s period tested here.

Regarding performance on the SART, the results from both Studies One and Two suggested that exposure to the images of nature did not influence sustained attention performance. This finding conflicts with similar research that found exposure to natural images compared with urban images led to faster response times (Berto, 2005), less response time variability and fewer omission errors (Lee et al., 2015; Cassarino et al., 2019). This finding is consistent, however, with Berto’s research in study 3 (Berto, 2005), which found no significant difference between viewing natural or urban images on any SART outcome measures, and Lee et al. (2015) who reported no difference between groups on mean response time and commission errors. It is also congruent with work by Nguyen et al. (2018), who failed to observe any restorative effect of nature images containing varying proportions of water and greenery (Nguyen et al., 2018), and Cassarino, Maisto, and colleagues (2019), who observed no differences when comparing SART performance after a simulated drive in a computerized rural or urban road environment (Cassarino et al., 2019). Together the pupil diameter and SART performance findings suggest that the mechanisms underpinning attention restoration associated with exposure to nature, using a 40 s view of a static image, are not related to alertness or cognitive functioning.

The findings from both studies strongly suggest that although the participants did not show physical or cognitive evidence of benefit after viewing the meadow or ocean images, they perceived the meadow and ocean images as places where they could feel restored. Indeed, the data from Study 2 indicated that one’s perception of restoration was tightly linked to how connected one felt to nature, as proposed by Mayer and Frantz (Mayer and Frantz, 2004). Connectedness to nature was found to moderate the relation between viewing images of natural environments and perceived restorativeness of the places in Study 2. Participants with high connectedness to nature were more likely to rate the nature images as more restorative than those with low connectedness to nature, while how connected to nature one felt was irrelevant to the restorative value of the urban image. The rooftop urban image provided some minor restorative benefits compared with the ground level urban image, with no group differences noted between the perceived restoration of the meadow, ocean, and rooftop urban images in terms of Fascination and Compatibility. The ground urban image, in contrast, did not afford such perceived benefits, with the meadow and ocean images rated as more restorative on all four subscales of the Perceived Restoration Scale. Connectedness to nature is an important moderator of perceived restorativeness of nature images. This finding highlights the important role that positive feelings and emotion play in nature-based restoration, echoing the argument put forth by colleagues that affective responses to the natural scene may explain some of the restorative value of nature (Craig et al., 2015; Martínez-Soto et al., 2019). This is an important future line of research for understanding the mechanisms associated with the Attention Restoration Theory.

In these two studies, the images presented to the participants were static photos. The Stevenson et al. (2018) meta-analysis encouraged the use of actual exposure to natural environments over the use of virtual exposure (Stevenson et al., 2018), especially in studies measuring sustained attention and vigilance. Here, a choice was made to use static images because of the use of the lab-based eye-tracker. An improvement in design in future research would include the use of mobile eye-tracking and actual exposure to different environments. Future research might also consider extending the length of duration of exposure to the different environments, as Stevenson et al. (2018) argued that longer exposure may be moderating the restorative effect of natural environments compared with control conditions. Another limitation of the two studies is that confounds associated with color, shape, shade, familiarity with the image, associations with leisure and work, heat, relaxation, and stress were not addressed. These factors could be systematically address in future research. One limitation specific to Study 2 was that the experimenters did not have control over where the participants looked when they were instructed to view the image for 40s, as the study was conducted online due to restrictions associated with COVID-19. Future research might consider broadening the concept of connection to nature to measure feelings, thoughts, and experiences people might have with nature separately, possibly through the use of the Nature Relatedness Questionnaire (Nisbet et al., 2008). These limitations and confounds may help explain why there were no physiological or behavioral differences measured between the three groups.

Here, with the use of a well-established neuropsychological test of sustained attention, alertness measured using an eye-tracker with a high sampling rate, the current best measurement of response time with the use of the Ex-Gaussian model, and a replication of the behavioral results from Study 1 in Study 2, no benefits of viewing the nature images over the urban image were measured physiologically or behaviorally. How connected one felt to nature had a strong effect on how restorative the meadow and ocean images, but not the urban image, were rated. This finding highlighted the importance of emotional response to nature, familiarity with nature, and the perspective of self within the world.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found here: https://osf.io/56xqv.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by University of Melbourne Psychological Sciences Human Ethics Advisory Group. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

KJ designed and directed the project. KJ, AP, and VL were involved in the planning and main conceptual ideas of the manuscript and wrote the manuscript. AP and VL collected and analyzed the data. RJ, JJ, and KM were involved in the data analysis and coding. KJ, LS, KL, NW, and KW obtained funding for the project. All authors contributed to the article and approved the submitted version.



FUNDING

This paper is an output of the “Researching the benefits of demonstration green roofs across Australia (GC16002)” project funded by the Hort Frontiers Green Cities Fund, part of the Hort Frontiers strategic partnership initiative developed by Hort Innovation, with co-investment from the University of Melbourne, City of Melbourne, the Victorian Department of Environment, Land, Water and Planning and contributions from the Australian government.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.809629/full#supplementary-material



REFERENCES

 Åkerstedt, T., and Gillberg, M. (1990). Subjective and objective sleepiness in the active individual. Int. J. Neurosci. 52, 29–37. doi: 10.3109/00207459008994241

 Alnæs, D., Sneve, M. H., Espeseth, T., Endestad, T., van de Pavert, S. H. P., and Laeng, B. (2014). Pupil size signals mental effort deployed during multiple object tracking and predicts brain activity in the dorsal attention network and the locus coeruleus. J. Vis. 14, 1–20. doi: 10.1167/14.4.1 

 Amicone, G., Petruccelli, I., De Dominicis, S., Gherardini, A., Constantino, V., Perucchini, P., et al. (2019). Green breaks: The restorative effect of the school environment’s green areas on children’s cognitive performance. Front. Psychol. 9, 1579. doi: 10.3389/fpsyg.2018.01579 

 Anderson, P. J., and Doyle, L. W. (2004). Executive functioning in school-aged children who were born very preterm or with extremely low birth weight in the 1990s. Pediatrics 114, 50–57. doi: 10.1542/peds.114.1.50

 Aston-Jones, G., and Cohen, J. D. (2005). An integrative theory of locus coeruleus-norepinephrine function: adaptive gain and optimal performance. Annu. Rev. Neurosci. 28, 403–450. doi: 10.1146/annurev.neuro.28.061604.135709 

 Aston-Jones, G., Rajkowski, J., and Cohen, J. (1999). Role of locus coeruleus in attention and behavioral flexibility. Biol. Psychiatry 46, 1309–1320. doi: 10.1016/s0006-3223(99)00140-7 

 Bates, D. M., Maechler, M., Bolker, B., Walker, S., Christensen, R. H. B., Singmann, H., et al. (2020). lme4: Linear mixed-effects models using S4 classes (version R package version 1.1-23).

 Beatty, J. (1982). Phasic not tonic pupillary responses vary with auditory vigilance performance. Psychophysiology 19, 167–172. doi: 10.1111/j.1469-8986.1982.tb02540.x

 Berman, M. G., Jonides, J., and Kaplan, S. (2008). The cognitive benefits of interacting with nature. Psychol. Sci. 19, 1207–1212. doi: 10.1111/j.1467-9280.2008.02225.x 

 Berto, R. (2005). Exposure to restorative environments helps restore attentional capacity. J. Environ. Psychol. 25, 249–259. doi: 10.1016/j.jenvp.2005.07.001

 Berto, R., Barbiero, G., Barbiero, P., and Senes, G. (2018). An individual’s connection to nature can affect perceived restorativeness of natural environemnts. Some observations about biophilia. Behav. Sci. 8:34. doi: 10.3390/bs8030034 

 Bradshaw, J. B. (1967). Pupil size as a measure of arousal during information processing. Nature 216, 515–516. doi: 10.1038/216515a0 

 Broadbent, D. E., Cooper, P. F., FitzGerald, P., and Parkes, K. R. (1982). The cognitive failures questionnaire (CFQ) and its correlates. Br. J. Clin. Psychol. 21, 1–16. doi: 10.1111/j.2044-8260.1982.tb01421.x 

 Carriere, J. S. A., Cheyne, J. A., and Smilek, D. (2008). Everyday attention lapses and memory failures: The affective consequences of mindlessness. Conscious. Cogn. 17, 835–847. doi: 10.1016/j.concog.2007.04.008 

 Carriere, J. S. A., Cheyne, J. A., Solman, G. J. F., and Smilek, D. (2010). Age trends for failures of sustained attention. Psychol. Aging 25, 569–574. doi: 10.1037/a0019363 

 Cassarino, M., Tuohy, I. C., and Setti, A. (2019). Sometimes nature doesn’t work: absence of attention restoration in older adults exposed to environmental scenes. Exp. Aging Res. 45, 372–385. doi: 10.1080/0361073X.2019.16274 

 Cheyne, J. A., Carriere, J. S. A., and Smilek, D. (2006). Absent-mindedness: lapses of conscious awareness and everyday cognitive failures. Conscious. Cogn. 15, 578–592. doi: 10.1016/j.concog.2005.11.009 

 Craig, C., Klein, M. I., Menon, C. V., and Rinaldo, S. B. (2015). Digital nature benefits typical individuals but not individuals with depressive symptoms. Ecopsychology 7, 53–58. doi: 10.1089/eco.2014.0057

 Emfield, A. G., and Neider, M. B. (2014). Evaluating visual and auditory contributions to the cognitive restoration effect. Front. Psychol. 5:548. doi: 10.3389/fpsyg.2014.00548 

 Felsten, G. (2009). Where to take a study break on the college campus: An attention restoration theory perspective. J. Environ. Psychol. 29, 160–167. doi: 10.1016/j.jenvp.2008.11.006

 Grassini, S., Revonsuo, A., Castellotti, S., Petrizzo, I., Benedetti, V., and Koivisto, M. (2019). Processing of natural scenery is associated with lower attentional and cognitive load compared with urban ones. J. Environ. Psychol. 62, 1–11. doi: 10.1016/j.jenvp.2019.01.007

 Hartig, T., Korpela, K., Evans, G. W., and Garling, T. (1997). A measure of restorative quality in environments. Scand. J. For. Res. 14, 175–194. doi: 10.1080/02815739708730435

 Hartig, T., Mang, M., and Evans, G. W. (1991). Restorative effects of natural environment experiences. Environ. Behav. 23, 3–26. doi: 10.1177/0013916591231001

 Hicks, L. J., Smith, A. C., Ralph, B. C. W., and Smilek, D. (2020). Restoration of sustained attention following virtual nature exposure: undeniable or unreliable? J. Environ. Psychol. 71:101488. doi: 10.1016/j.jenvp.2020.101488

 Johnson, K. A., Healy, E., Dooley, B., Kelly, S. P., and McNicholas, F. (2015). Children born with very low birth weight show difficulties with sustained attention but not response inhibition. Child Neuropsychol. 21, 629–647. doi: 10.1080/09297049.2014.964193

 Johnson, K. A., Kelly, S. P., Bellgrove, M. A., Barry, E., Cox, E., Gill, M., et al. (2007). Response variability in attention deficit hyperactivity disorder: evidence for neuropsychological heterogeneity. Neuropsychologia 45, 630–638. doi: 10.1016/j.neuropsychologia.2006.03.034 

 Johnson, K. A., White, M., Wong, P. S., and Murrihy, C. (2020). Aspects of attention and inhibitory control are associated with on-task classroom behaviour and behavioural assessments, by both teachers and parents, in children with high and low symptoms of ADHD. Child Neuropsychol. 26, 219–241. doi: 10.1080/09297049.2019.1639654 

 Joshi, S., Li, Y., Kalwani, R. M., and Gold, J. I. (2016). Relationships between pupil diameter and neuronal activity in the locus Coeruleus, Colliculi, and cingulate cortex. Neuron 89, 221–234. doi: 10.1016/j.neuron.2015.11.028 

 Kaplan, S. (1995). The restorative benefits of nature: towards an integrative framework. J. Environ. Psychol. 15, 169–182. doi: 10.1016/0272-4944(95)90001-2

 Kaplan, R., and Kaplan, S. (1989). The Experience of Nature: A Psychological Perspective. Melbourne: Cambridge University Press.

 Kristjansson, S. D., Stern, J. A., Brown, T. B., and Rohrbaugh, J. W. (2009). Detecting phasic lapses in alertness using pupillometric measures. Appl. Ergon. 40, 978–986. doi: 10.1016/j.apergo.2009.04.007 

 Lacouture, Y., and Cousineau, D. (2008). How to use MATLAB to fit the ex-Gaussian and other probability functions to a distribution of response times. Tutor. Quant. Methods Psychol. 4, 35–45. doi: 10.20982/tqmp.04.1.p035

 Laeng, B., Sirois, S., and Gredebäck,. (2012). Pupillometry: A window to the preconscious? Perspect. Psychol. Sci. 7, 18–27. doi: 10.1177/1745691611427305

 Lee, K. E., Williams, K. J. H., Sargent, L. D., Farrell, C., and Williams, N. S. G. (2014). Living roof preference is influenced by plant characteristics and diversity. Landsc. Urban Plan. 122, 152–159. doi: 10.1016/j.landurbplan.2013.09.011

 Lee, K. E., Williams, K. J. H., Sargent, L. D., Williams, N. S. G., and Johnson, K. A. (2015). 40-second green roof views sustain attention: the role of micro-breaks in attention restoration. J. Environ. Psychol. 42, 182–189. doi: 10.1016/j.jenvp.2015.04.003

 Leth-Steensen, C., King Elbaz, Z., and Douglas, V. I. (2000). Mean response times, variability, and skew in the responding of ADHD children: a response time distributional approach. Acta Psychologia 104, 167–190. doi: 10.1016/S0001-6918(00)00019-6 

 Luce, R. D. (1986). Response Times. Their Role in Inferring Elementary Mental Organization, Vol. 8. New York: Oxford University Press.

 Manly, T., Owen, A. M., McAvenue, L., Datta, A., Lewis, G. H., Scott, S. K., et al. (2003). Enhancing the sensitivity of a sustained attention task to frontal damage: convergent clinical and functional imaging evidence. Neurocase 9, 340–349. doi: 10.1076/neur.9.4.340.15553 

 Marois, A., Charbonneau, B., Szolosi, A. M., and Watson, J. M. (2021). The differential impact of mystery in nature on attention: an oculometric study. Front. Psychol. 12:759616. doi: 10.3389/fpsyg.2021.759616 

 Martínez-Soto, J., de la Fuente Suárez, L. A., Gonzáles-Santos, L., and Barrios, F. A. (2019). Observation of environments with different restorative potential results in differences in eye patron movements and pupillary size. IBRO Rep. 7, 52–58. doi: 10.1016/j.ibror.2019.07.1722 

 Mayer, F. S., and Frantz, C. M. (2004). The connectedness to nature scale: A measure of individuals’ feeling in community with nature. J. Environ. Psychol. 24, 503–515. doi: 10.1016/j.jenvp.2004.10.001

 Mayer, F. S., Frantz, C. M., Bruehlman-Senecal, E., and Dolliver, K. (2009). Why is nature beneficial? The role of connectedness to nature. Environ. Behav. 41, 607–643. doi: 10.1177/0013916508319745

 Morris, L. S., McCall, J. G., Charney, D. S., and Murrough, J. W. (2020). The role of the locus coeruleus in the generation of pathological anxiety. Brain Neurosci. Adv. 4, 1–18. doi: 10.1177/2398212820930321 

 Neilson, B. N., Craig, C. M., Curiel, R. Y., and Klein, M. I. (2020). Restoring attentional resources with nature: A replication study of Berto’s (2005) paradigm including commentary from Dr. Rita Berto. Hum. Factors 63, 1046–1060. doi: 10.1177/0018720820909287 

 Nguyen, T., Neilson, B., and Klein, M. I. (2018). Greenery versus aquatic: cognitive restoration of different components of nature for improvement in environmental design. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 62, 373–377. doi: 10.1177/1541931218621086

 Nielson, B., Nguyen, T., Bukowski, A., and Klein, M. (2018). Are all types of natural environments created equal? A comparison of different elements in nature for improving restoration in work environments. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 61, 1247–1251. doi: 10.1177/1541931213601793

 Nisbet, E. K., Zelenski, J. M., and Murphy, S. A. (2008). The nature relatedness scale: linking individuals’ connection with nature to environmental concern and behavior. Environ. Behav. 41, 715–740. doi: 10.1177/0013916508318748

 Nordh, H., Hagerhall, C. M., and Holmqvist, K. (2010). Exploring view pattern and analysing pupil size as a measure of restorative qualities in park photos. Acta Hortic. 881, 767–772. doi: 10.17660/ActaHortic.2010.881.126

 Ohly, H., White, M. P., Wheeler, B. W., Bethel, A., Ukoumunne, O. C., Nikolaou, V., et al. (2016). Attention restoration theory: A systematic review of the attention restoration potential of exposure to natural environments. J. Toxicol. Environ. Health B Crit. Rev. 19, 305–343. doi: 10.1080/10937404.2016.1196155 

 Oken, B. S., Salinsky, M. C., and Elsas, S. M. (2006). Vigilance, alertness, or sustained attention: physiological basis and measurement. Clin. Neurophysiol. 117, 1885–1901. doi: 10.1016/j.clinph.2006.01.017 

 Parasuraman, R. (1979). Memory load and event rate control sensitivity decrements in sustained attention. Science 205, 924–927. doi: 10.1126/science.472714 

 Purcell, T., Peron, E., and Berto, R. (2001). Why do preferences differ between scene types? Environ. Behav. 33, 93–106. doi: 10.1177/00139160121972882

 R Core Team (2012). R: A langauge and environment for statistical computing. In R Foundation for Statistical Computing.

 Robertson, I. H. (2003). The absent mind. Attention and error. Psychologist 16, 476–479.

 Robertson, I. H., Manly, T., Andrade, J., Baddeley, B. T., and Yiend, J. (1997). ‘Oops!’: performance correlates of everyday attentional failures in traumatic brain injured and normal subjects. Neuropsychologia 35, 747–758. doi: 10.1016/S0028-3932(97)00015-8 

 Schutte, A. R., Torquati, J. C., and Beattie, H. L. (2017). Impact of urban nature on executive functioning in early and middle childhood. Environ. Behav. 49, 3–30. doi: 10.1177/0013916515603095

 Shannon, K. A., Scerif, G., and Raver, C. C. (2021). Using a multidimensional model of attention to predict low-income preschoolers’ early academic skills across time. Dev. Sci. 24:e13025. doi: 10.1111/desc.13025 

 Slepian, M. L., Masicampo, E. J., and Ambady, N. (2015). Cognition from on high and down low: verticality and construal level. J. Pers. Soc. Psychol. 108, 1–17. doi: 10.1037/a0038265 

 Smilek, D., Carriere, J. S. A., and Cheyne, J. A. (2010). Failures of sustained attention in life, lab, and brain: ecological validity of the SART. Neuropsychologia 48, 2564–2570. doi: 10.1016/j.neuropsychologia.2010.05.002 

 Stevenson, M. P., Schilhab, T., and Bentsen, P. (2018). Attention restoration theory II: A systematic review to clarify attention processes affected by exposure to natural environments. J. Toxicol. Environ. Health B Crit. Rev. 21, 227–268. doi: 10.1080/10937404.2018.1505571 

 Sturm, W., and Willmes, K. (2001). On the functional neuroanatomy of intrinsic and phasic alertness. Neuroimage 14, S76–S84. doi: 10.1006/nimg.2001.0839 

 Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., and Zelson, M. (1991). Stress recovery during exposure to natural and urban environments. J. Environ. Psychol. 11, 201–230. doi: 10.1016/S0272-4944(05)80184-7

 Unsworth, N., and Robison, M. K. (2016). Pupillary correlates of lapses of sustained attention. Cogn. Affect. Behav. Neurosci. 16, 601–615. doi: 10.3758/s13415-016-0417-4 

 Unsworth, N., Robison, M. K., and Miller, A. L. (2018). Pupillary correlates of fluctuations in sustained attention. J. Cogn. Neurosci. 30, 1241–1253. doi: 10.1162/jocn_a_01251 

 Vallesi, A., Tronelli, V., Lomi, F., and Pezzetta, R. (2021). Age differences in sustained attention tasks: A meta-analysis. Psychon. Bull. Rev. 28, 1755–1775. doi: 10.3758/s13423-021-01908-x 

 Van den Berg, A. E., Koole, S. L., and Van der Wulp, N. Y. (2003). Environment preference and restoration: (how) are they related? J. Environ. Psychol. 23, 135–146. doi: 10.1016/S0272-4944(02)00111-1

 van den Bogerd, N., Dijkstra, S. C., Seidell, J. C., and Maas, J. (2018). Greenery in the university environment: Students’ preferences and perceived restoration likelihood. PLoS One 13:e0192429. doi: 10.1371/journal.pone.0192429 

 Van den Brink, R. L., Murphy, P. R., and Nieuwenhuis, S. (2016). Pupil diameter tracks lapses in attention. PLoS One 11:e0165274. doi: 10.1371/journal.pone.0165274 

 Völker, S., and Kistemann, T. (1982). Reprint of: “I’m always entirely happy when I’m here!” urban blue enhancing human health and well-being in Cologne and Düsseldorf, Germany. Soc. Sci. Med. 91, 141–152. doi: 10.1016/j.socscimed.2013.04.016 

 White, M., Smith, A., Humphryes, K., Pahl, S., Snelling, D., and Depledge, M. (2010). Blue space: The importance of water for preference, affect, and restorativeness ratings of natural and built scenes. J. Environ. Psychol. 30, 482–493. doi: 10.1016/j.jenvp.2010.04.004

 Wilkie, S., and Clouston, L. (2015). Environment preference and environment type congruence: effects on perceived restoration potential and restoration outcomes. Urban For. Urban Green. 14, 368–376. doi: 10.1016/j.ufug.2015.03.002

 Wilkie, S., and Stavridou, A. (2013). Influence of environmental preference and environment type congruence on judgments of restoration potential. Urban For. Urban Green. 12, 163–170. doi: 10.1016/j.ufug.2013.01.004

 Williams, K. J. W., Lee, K. E., Hartig, T., Sargent, L. D., Williams, N. S. G., and Johnson, K. A. (2018). Conceptualising creativity benefits of nature experience: attention restoration and mind wandering as complementary processes. J. Environ. Psychol. 59, 36–45. doi: 10.1016/j.jenvp.2018.08.005


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Johnson, Pontvianne, Ly, Jin, Januar, Machida, Sargent, Lee, Williams and Williams. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-13-809629-g005.jpg
Perceived Restorativeness Scale

o

I

N

Connectedness to Nature

Group

Meadow
=== Ocean
= Urban





OPS/images/fpsyg-13-809629-t001.jpg
Variable
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Handedness, count left/ight
Mean baseline KSS (SD)

Mean post-intervention KSS (SD)

Mean ARCES (SD)
Mean PRS (SD)

Mean Being Away PRS Subscale (SD)
Mean Fascination PRS Subscale (SD)
Median Coherence PRS Subscale (IQR)
Mean Compatibility PRS Subscale (SD)
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214(69)
914
023
48(1.3)
60(1.8)

2.8(0.5)
39(0.8)

34(14)
40(1.0)
55(1.0)
30(1.0)
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8/16
1728
46(1.4)
58(1.8)

29(0.7)
38(09)
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28(1.3)
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021
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29(1.1)

2.1 (14"
33(14)
4.0 2.3)
23(13)

Al

68
206(5.6)
22/46
1/67
46(1.4)
59(1.8)

2.8(0.5)
35(1.0)

30(15)
37(1.2)
53(1.8)
27(12)

Statistical test for group
difference

F2,65)=1.03, p

Group: F(2,65)=0.24,
Time: F(1,65)=49.43, p <0.001%++
GroupxTime: F(2,6:
F(2,65)=2.10, p =0.
F2,65)=8.21,p <0.001,

F(2,65)=6.23, p <0.003, 5,* =0.16+*
F(2,65)=1.92, p =0.156, 1,
H(2)=15.51, p <0.001, 5, =0.21%**
(265)=2.28, p =0.110, 5,2 =0.07

SD, standard deviation; KSS, Karolinska Sleepiness Scale; ARCES, Attention-Related Cognitive Errors Scale; PRS, Perceived Restorativeness Scale; IQR, Interquartie Range.”Urban
Group score s significantly different from the Meadow and Ocean Groups. *p<0.05, **p<0.01, **p<0.001,
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Variable Meadow group ~ Oceangroup  Urban group Al Group difference statistics

Number of participants 6 60 60 186

Mean age in years (SD) 202(5.9) 203(4.6) 19.9(3.7) 201(48  F2 183)=0.11,p=0893

Sex, count male/female 24/42 14/46 16/44 54/132 212, N =186)=2.83, p =0.243

Handedness, count left/right/either 5/59/2 4/56/0 415412 13/169/4  7(4,N=186)=2.03, p =0.730

Mean baseline KSS score (SD) 470.7) 5.1(1.5) 46(1.6) 48(1.6) Group: F(2, 183)=1.270, p =0.283 Time:
F(1,183)=21.979, p <0.001#+*

Mean post-intervention KSS score (SD) 52(1.8) 55(1.4) 53(1.7) 53(1.7) Group x Time: F(2,183)=0.611, p =0.544

Mean ARCES score (SD) 2907 29(06) 28(05) 29(06) F(2,183)=059, p =0.556

Mean PRS score (SD) 38(1.1) 41(1.0) 2.8(0.8) 36(1.1) F(2,183)=29.93, p <0.001, 5,2 =0.25%%*

Median Being Away Subscale score (IQR) 37(1.8) 38(26) 197 34(28) H(2)=30.18, p <0.001, 5,7 =0.15%+*

Mean Fascination Subscale score (SD) 35(1.5) 38(1.4) 23(1.3) 32(16) F(2,183)=18.05, p <0.001, 5, =0.16%**

Median Coherence Subscale score (IQR) 53(1.5) 55(1.3) 4.5(1.6) 53(1.8) H(2)=18.23, p <0.001, 5% =0.09***

Mean Compatibility Subscale score (SD) 3.1(1.4) 3.4(1.3) 2.1(1.0/ 29(1.4) F(2,183)=17.09, p <0.001, 5,2 =0.16%**

Mean CNS score (SD) 35(0.6) 35(0.7) 33(06) 34(06) F(2, 183)=168, p =0.190

SD, standard deviation; IQR, interquartie range; KSS, Karolinska Sleepiness Scale; ARCES, Attention-Related Cognitive Errors Scale; PRS, Perceived Restorativeness Scale; Subscale,
Subscales of the PRS; CNS, Connectedness to Nature Scale. *Urban Group score is significantly different from the Meadow and Ocean Groups. *p<0.05, *#p<0.01, **p<0.001.
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Omission Errors,  Baseline
median (QR)

Post-intervention

Commission Errors, Baseline
median (IQR)
Post-intervention

Mu (ms), median  Baseline
(QR)
Post-intervention

Sigma (ms), median Baseline
10R)
Post-intervention

Tau (ms), median  Baseline
(QR)
Post-intervention

Linear Changein  Baseline

Tonic Pupil

Diameter (mm), Post-intervention
median (QR)

Mean Tonic Pupil  Baseline
Diameter (mm),

mean (SD) Post-intervention

Half

First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second

Meadow

0.0(1.0
1.0(1.0
0.0(1.0)
1.0(2.0
30(4.5)
30(45)
40(45)
4.0 (4.0)
313(87)
310(74)
284 61)
203 (76)
32(23)
44.29)
30 (14)
30(28)
75 (64)
89 (45)
70(47)
73(78)
-0.002 (0.002)
0.001 (0.001)
—0.001 (0.002)
0.000 (0.002)
268(0.33)
263(0.31)
2,67 (0.30)
264 (0.30)

Ocean

0.0(1.0
0.0(1.0
00(0.0)
05(1.0
30(33)
40(33)
30033
4.5(4.0)
304 (47)
296 (69
282 (64)
276 (49)
28 (21)
34(17)
30(33)
3624
70 (46)
67 (43)
55 (48)
67 (40)
-0.002 (0.002)
0.000 (0.001)
-0.001 (0.002)
0.000 (0.002)
2.83(0.30)
2.73(0.29)
2.75(0.26)
2.73(0.28)

Urban

0.0(0.0)
0.0(1.0)
0.0(0.0)
0.0(1.0)
30(30)
30(40)
20(40)
30(4.0)
322 (110)
311(69)
277 (66)
270 (71)
39 (20)
37 (29)
29 24)
24 (16)
65 (59)
79 (40)
72(49)
76 (46)
~0.002 (0.003)
0.000 (0.001)
~0.001 (0.002)
0.000 (0.001)
2.76(0.29)
2.68 (0.28)
2.70(0.25)
2,65 (0.28)

Al

00(1.0)
00(1.0)
00(03)
00(1.0)
30(85)
30(33)
30(50)
4.0(4.0)
308 (70
305 (71)
283 (64)
279 (71)

36 (21)

36 (25

29(21)

31(26)

72(50)

76 (49)

68 (54)

74 (48)
-0.002 (0.002)
0.000 (0.001)
-0.001 (0.002)
0000 (0.001)
2.76(031)
2.68(029)
2.71(0.27)
2,67 (0.29)

F(266)=1.35,p
F(2.65)=0.72,p

Group difference
statistics

H(2)
HE)

H(2)=0.07, p =0.966
HE=0.78,

H(2)=1.42, p =0.
H(2)=1.96, p =0.375

H@)=1.37, p =0.505
H(2)=2.66, p =0.265

H)=163,p =0443
H(2)=3.14,p =0.208

The post-intervention group differences were tested using the linear mixed models, reported in text. SART, Sustained Attention to Response Task; IQR, interquartie range; SD,

standard deviation; ms, miliseconds; and mm, millmetres.
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Variable Fldf) Fvalue

Errors of Commission

Baseline SART Commission Error Performance Fi1.102) 52.75%%%
Age F(1,49) 298
Sex F(1,49) 025
Group F(2,48) 098
SART Half F(1,51) 00001
Group x SART Half F2,51) 124
Mu

Baseline SART Mu Performance F(1,80) 108.1155%
Age F(1,46) 359
Sex F(1,46) 040
Group F(2,47) 045
SART Half F(1,49) 0.14
Group x SART Half F(2,49) 0.18
Sigma

Baseline SART Sigma Performance F(1,127) 1.33
Age F(1,55) 061
Sex F(1,54 004
Group F(2,55) 0.94
SART Half F(1,56) 00009
Group x SART Half F(2,58) 022
Tau

Baseline SART Tau Performance F(1,9) 41.00%+%
Age F(1,58) 0002
Sex F(1,59 047
Group F(2,59 086
SART Half F(1,62) 456+
Group x SART Half F(2,60) 053
Linear Change in Tonic Pupil Diameter

Baseline SART Linear Change in Pupil Diameter F(1,127) 18.32%%
Age F(1,127) 1.08
Sex F(1,127) 007
Group F(2,127) 0.84
SART Half F(1,127) 479
Group x SART Half F(2,127) 067

Mean Tonic Pupil Diameter

Baseline SART Mean Pupil Diameter F(1,70) 326,63+
Age F(1,59) 124
Sex F(1,59) 1.36
Group F(2,59) 024
SART Half F(1,68) 444
Group x SART Half Fl2,62) 065

df, degrees of freedom and SART Half, difference between the first and second half of the post-intervention SART. *p<0.05; **p<0.01; ***p<0.001.
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Perceived Restorativeness Scale Scores

Predictors 95% CI

b SE 1(180)

w uL

Meadow—Urban 098 016 060 135 6,18+
Ocean—Urban 127 016 089 165 7,874+
Meadow—Ocean -0.29 016 -0.66 008 -1.86
CNS Scores -0.003 0.19 -0.38 038 -0.02
Meadow x CNS —Urban x CNS 1.02 027 049 156 377w
Ocean xONS—Urban x CNS 078 026 027 129 303+
Meadow x CNS —Ocean x NS 024 026 -027 075 094

b, beta coefficient; SE, standard error; Ci, confidence intervals; LL, lower limit; UL, upper limit. Model R =0.41, F(5, 180)=24.87, p<0.001; *p<0.05; **p<0.01;

<0.001
<0001
0.154
0.988
<0001
0.003
0.348

#+4p<0.001.
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Variable F(df) Falue P
Errors of Commission

Baseline SART Gommission Error Performance F(1,317) 112.88%4 <0001
Age F(1,142) 5804 0017
Sex F(1,140) 086 0355
Group F(2,140) 006 0946
SART Half F(1,143) 081 0370
Group x SART Half F(2,143) 072 0.489
ONS (Hypothesis 3) F(1,137) 003 0853
Group x GNS (Hypothesis 3) F(2.142) 032 0727
Mu

Baseline SART Mu Performance F(1,335) 36.92+% <0001
Age F(1,140) 313 0079
Sex F(1,139) 018 0668
Group F(2,139) 030 0.744
SART Half F(1,141) 034 0562
Group x SART Half F(2,141) 075 0474
ONS (Hypothesis 3) F(1,136) 145 0231
Group x CNS (Hypothesis 3) F(2,136) 015 0863
Sigma

Baseline SART Sigma Performance F(1,360) 21,8285 <0001
Age F(1,174) 0005 0943
Sex F(1,175) 006 0809
Group F(2.179) 129 0277
SART Half F(1,182) 393 0049
Group x SART Half F(2,176) 089 0414
ONS (Hypothesis 3) F1,171) 271 0101
Group x GNS (Hypothesis 3) F2,171) 0862 0.444
Tau

Baseline SART Tau Performance F(1,361) 38,785 <0001
Age F1,172) 0007 0933
Sex F(1,172) 021 0651
Group F(2,173) 013 0880
SART Half F(1,176) 381 0052
Group x SART Half F(2,175) 027 0.761
ONS (Hypothesis 3) F(1,169) 286 0093
Group x CNS (Hypothesis 3) F(2,169) 003 0970

df, degrees of freedom and SART Half, difference between the first and second half of the post-intervention SART. *p<0.05; **p<0.01; ***p<0.001.
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Variable

Omission Errors
(count)

Commission Errors

(count)

Mu (ms)

Sigma (ms)

Tau (ms)

SART

Baseline

Post-intervention

Baseline

Post-intervention

Baseline

Post-intervention

Baseline

Post-intervention

Baseline

Post-intervention

First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second
First
Second

Meadow
Median (IQR)

264(77)
255(100)

Ocean
Median (IQR)

00120)
1.02.3)
05(2.0)
1.08.0)
6.0(4.0)
6.0(5.0)
7.04.3)
7.066.0)
270(67)
267(74)
258(92)
268(82)
41(29)
46(29)
47(28)
52(26)
49(41)
56(51)
55(70)
71(68)

Urban
Median (IQR)

0.0@2.0)
0.0@.0)
05(2.0)
1.03.0)
7.004.0
6.0(4.0
7.06.0
7.06.3)
264(57)
269(64)
256(78)
259(105)
36(20)
46(22)
47(24)
56(30)
56(43)
52(49)
52(59)
60(61)

Al
Median (IQR)

00(2.0)
1.0(3.0)
05(2.0)
1.03.8)
6.0(4.0)
6.0(5.0)
7.06.0)
7.06.0)
265(62)
265(82)
258(93)

264(100)

41(27)
47(26)
47(33)
54(34)
53(45)
56(51)
53(62)
65(68)

Group difference
statistics

H2)=0.83, p =0.659
H2)=3.12,p =0.210

H2)=0.50, p =0.780
H2)=0.26, p =0.878

H(2)=1.39, p =0.498
H2)=0.14,p =0.933

H(2)=4.54,p =0.103
H@)=121,p =0.546

H(2)=2.25,p =0.325
H(2)=3.88, p =0.144

The post-intervention group differences were tested using the linear mixed models, reported in text. SART, Sustained Attention to Response Task; IQR, interquartie range; and ms,

milliseconds.





OPS/images/cover.jpg
& frontiers | Frontiers in Psycholoay

Water and Meadow Views Both
Afford Perceived but Not
Performance-Based Attention
Restoration: Results From Two
Experimental Studies









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology





