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Abstract

Background: Several studies have demonstrated that brief interactions with natural environments can improve cognitive 
functioning. However, the neurocognitive processes that are affected by natural surroundings are not yet fully understood. 
It is argued that the “elements” in natural environment evoke “effortless” involuntary attention and may affect the neural 
mechanisms underlying inhibition control central to directed attention. 
Methods: The present study used electroencephalography (EEG) to investigate the effects of nature experience on 
neurocognitive processes involved in directed attention. During EEG recordings, participants (n = 53) were presented nature 
audio/video as stimuli to evoke nature experience, and flanker task was administered both before and after nature experience. 
An open eye rest condition was included randomly in either before or after nature experience cognitive task as a control 
condition. 
Results: The event-related potential analysis demonstrated a significant improvement in the response time after the nature 
experience. The analysis also demonstrated a significant difference for the inhibitory control process in fronto-parietal N2 (P 
< .01) and P3 (P < .05) for incongruent trials subsequent to nature experience. The spectral analysis also found an increase in 
alpha in all five brain regions (all Ps < .01) and fronto-central theta power (P < .01). 
Conclusion: The findings suggest that improved inhibitory control processes could be one of the aspects of enhanced 
directed attention after nature experience. Increased alpha along with theta indicates a relaxed yet alert state of mind after 
nature experience.
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Introduction

The ability to direct attention on tasks at hand is central to 
the efficiency of attentional mechanism.1,2 One of the core 
cognitive subprocesses in the directed attentional mechanism 
is the ability to suppress distractors that potentially interfere 
with the primary response or appropriate action. In the 
literature, this ability to suppress distractors has been broadly 
referred to as “inhibitory control.”3–5 Studies suggest that the 
voluntary control of distractors and directing one’s attention 
on the task in hand are prone to fatigue.6,7 In an urban setting, 
often there are many stimulations in the vicinity of the 
person that require mental “effort” to inhibit the incoming 

distractions while maintaining focus on a specific task. Thus, 
over time this cognitive resource tends to get depleted. Studies 
suggest that the deficits of “inhibitory control” may cause loss 
of focus, decrease in efficiency, and other attention-related 
dysfunctions.8,9 There are several techniques for recovery 
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from attention fatigue that have been investigated, i.e., rest 
allowances,10 sleep,11 mindfulness, yoga-based therapies,12 
and nature experience (NE).13

Recently, there has been a growing interest to investigate 
the beneficial effects of brief interactions with natural 
environment on attention restoration. Kaplan and Kaplan14 in 
their “Attention Restoration Theory” posited that the sensory 
stimuli present in the elements of natural environment 
draw “effortless” or involuntary attention. It is argued that 
“fascinating” landscapes, forests, and green areas such as 
gardens or parks with “open spaces” generate a feeling of 
“being away” and “coherence” and are especially found 
effective as restorative settings.15–20 Experiences at such 
places termed as “nature experience” are described inherently 
personal and subjective, yet they have commonalities that are 
known to be beneficial for overall health.21,22 NE also finds 
a mention in the yogic theory on Pratayahara (control of 
senses), where the “impressions” from nature are suggested 
to help in creating positive thoughts, cleansing the mind 
of “external disturbances,” and controlling the senses to 
gradually build the capability of complete attention.23

Emprical investigations also suggest that NE may help 
to moderate and diminish states of arousal, and helps in 
“clearing the head”  of  distracting thoughts.13,22–26 It is argued 
that NE gently engages an individual in a low-stimulation 
activity, which reduces the internal noise and provides a quiet 
internal space. While attending to the natural phenomena such 
as passing clouds and waves of the ocean, it is reported that 
individuals feel respite from the “sensory bombardments” 
and stresses of daily life.27,28 It is further proposed that at 
emotional level, the natural environment provides a positive 
emotional experience that may affect the cognitive control 
process and directed attention.29 At another level, it is posited 
that the “elements” of nature bring forth a metaphysical 
experience.30 This experience has been expressed as moments 
of extreme happiness, a feeling of lightness and freedom, 
a sense of harmony with the whole world, and moments 
that felt completely absorbing and that evoked a feeling 
of spiritual transcendence. Some of the most influential 
scholars in transcendent experience, e.g., William James, W. 
T. Stace, Margharita Laski, and Abraham Maslow, have also 
observed that NE has a close association with transcendent 
experience. Notably, the transcendental spiritual experiences 
are also believed to be beneficial in reducing distratctions and 
enhancing attention.31,32

The NE helps participants in transitioning from 
predominantly task-relevant voluntary attention to saliency-
dependent involuntary attention.33 The activation of 
involuntary mechanisms during brief NE is argued to restore 
the voluntary attentional resources. Further evidence suggests 
that involuntary attention perhaps differs in the “inhibitory 
control” required for directed attention.34,35 It is argued 
that involuntary control processes employ lower cognitive 
resources for inhibitory control than those demanded by 
volunatry control processes.

While the studies have reported that NE is effective in 
controlling the outward distractions of mind presented by 
urban environments,26,36–38 it is yet not evident if NE also 
helps in controlling the internal distractions of mind. During 
the resting state, in the absence of any external stimuli, the 
thoughts, feelings, emotions—the “internal noise” of an 
individual—may present similar mental activity as, for 
instance, the visual or auditory senses.39 Studies have reported 
that the reception of passive audiovisual input without any 
active stimulus or task processing during the resting state 
reflects the “baseline activation level.” The activation after 
NE when contrasted with the baseline activation provided by 
the resting state may elucidate the incremental benefits of NE 
for a subsequent cognitive task.

The effect of NE on the neurocognitive processes of 
directed attention is yet to be substantiated in the literature.

Therefore, the experiments in this research were 
planned with an attempt to measure the effect of NE on 
the neurocognitive processes of directed attention using 
the electroencephalography (EEG). A cognitive task was 
designed to elicit differences in cognitive processing because 
of the absence or presence of conflicting and distracting 
information.40 The task was administered after both nature 
experience (NE) and a control condition of open eye resting 
state (OERS). It was theorized that NE might affect the 
“inhibitory control” required to successfully discriminate 
the conflicting and distracting information, with greater 
“inhibitory control” as an indicator of efficient and enhanced 
attention. Some of the earlier studies have used urban 
environments as control to demonstrate the differences. In this 
study, an OERS was introduced in the experimental design as 
an alternate setting to examine the differences in cognitive 
recovery of attentional resources because of “internal 
noise” present during the resting state.39 The use of OERS 
as control has been reported by studies on other techniques 
of attention recovery as well, for example, mindfulness 
and meditation.41,42 It was assumed that an OERS might not 
necessarily provide the restoration of attention. The rationale 
behind this assumption was that OERS arguably is devoid 
of “fascinating” stimuli, or a feeling of “being away,” and 
may lack a sense of “coherence”—the elements according to 
Attention Restoration Theory necessary for the restoration of 
attentional capacity.

Physiological measures like EEG have the benefit of being 
objective and have the capacity to peep into the participant’s 
brain responses during the NE or post-NE cognitive tasks. 
Brain responses or the event-related potentials (ERP) offer a 
real-time temporal resolution of neural processes underlying 
diffrences in task performances.43 A fundamental assumption 
of ERP research is that the ERP can be separated into 
different components, each indexing the degree of activity of 
a particular cognitive function. Most commonly, EEG studies 
implicate fronto-parietal cortical brain regions with the 
neurocognitive processes involved in attention. Particularly, 
a fronto-central negative peak N2 appearing around 180 to 
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325 ms44,45 and a centro-parietal positive peak P3 appearing 
around 350 to 500 ms46,47 after the stimulus onset have been 
reported to be associated with directed attention.

The outcomes from this paper indicate that NE 
significantly improves inhibitory control and in turn, enhances 
attention in after NE tasks.

Methods 

This paper examines the differences in EEG waveforms in 
a lab experiment conducted with a cognitive (flanker) task 
before and after NE. NE was manipulated through nature 
video with real-time natural sounds as stimuli. A control 
condition of OERS was randomized before or after NE. Both 
the flanker task and the stimuli were presented on a 52-inch 
monitor, and a continuous EEG was recorded. The participants 
were briefed about the experiment and were told about the 
prerequisites for EEG data collection prior to their consent to 
participate. The sample size for this study was determined on 
the basis of power analysis (α = 0.05, β = 0.05). 

Participants

A total of 53 healthy participants (37 males) with a mean age of 
25 years (age range within 19–33) volunteered to participate 
in the experiment. All participants were recruited from the 
resident student groups of the Indian Institute of Technology 
Delhi. Exclusion criteria included extreme stress, sleep 
deprivation, a current diagnosis of a physical or psychiatric 
illness, or regular use of medication. Thirty participants were 
undergraduates, 18 postgraduates, and five research scholars. 
All participants were right-handed, and had normal or 
corrected to normal vision. None of the participants had any 
prior expertise or background in neuroscience or in studies in 
NE, and gave their consent voluntarily for participation. They 
were compensated with food coupons after the experiment.

Cognitive (Flanker) Task

A modified arrow version of the Eriksen flanker task40 was 
presented using E-Prime version 2.0 software (Psychology 
Software Tools, Pittsburgh, PA, USA), and Chronos® 
was used to record the responses. Participants completed 
the flanker task at the beginning and also after NE. The 
flanker task composed of two types of trials, congruent and 
incongruent trials. The congruent trials consisted of the 
central target being flanked by arrows pointing in the same 
direction. In contrast, incongruent trials involved the target 
being flanked by arrows pointing in the opposite direction 
as shown in Figure 1. A set of instructions preceded the 
first trial that explained which button press would be used 
to indicate the direction of the central or target arrow. In 
addition, participants were instructed to respond as quickly 
and accurately as possible for each trial. Each trial began 

with a fixation cross (+) in the center of a white screen for 
1000 ms, followed by black arrows centered focally on a 
white background for 2000 ms. Following the instructions, 
participants completed 20 practice trials. After the practice, 
the participants completed two test blocks of 80 trials with 
open eye rest time in between. Each test block consisted of 
64 congruent and 16 incongruent trials. The congruency in 
the test trials was randomized.

NE Stimuli

The nature stimulus presented to the participant was a 15-
min video having natural sounds. The video was selected 
using the method of content validity for the selection process, 
as described by.48 Open source videos available at BBC, 
National Geographic, and YouTube were searched with 
“nature” or “natural environment,” and “natural sounds.” 
Videos accompanying the audio file containing the original 
naturalistic sounds were selected. Twenty videos that 
matched the selection criteria were shortlisted for evaluation. 
Further screening was done by four subject experts, each 
from environmental sciences, natural sciences, psychology, 
and social sciences. Each expert was asked to rate (1 = “least” 
to 4 = “most”) the video based on “Is the video representative 
of the natural elements, i.e., sounds and the landscape visuals, 
that are commonly accessible in the neighborhood areas?” 
The audio/video that was found “most” representative by at 
least two experts was selected.

Procedure

Potential participants received detailed information regarding 
the study and completed a screening questionnaire. Once the 
inclusion criteria were met, the participants signed a consent 

A
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C

D

Figure 1. An Example of Flankers Trials Represented at (A) and (B) 
Refers to Incongruent, and at (C) and (D) Congruent Trials.
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form. They were taken to the EEG data acquisition lab, and 
EasyCap® was placed on their scalps. A 64-channel active 
electrode system (ActiCHamp, Brain Products GmbH, 
Germany) based on the 10/20 system was used for raw data 
acquisition. Figure 2 shows a picture of the experimental 
settings. The active electrodes placed on the EasyCap® 
were prepared with SuperVisc conducting gel such that the 
impedance was maintained below 5 kΩ. All experiments 
were conducted in the dimly lit experiment room where each 
participant was seated in a comfortable chair approximately 
75 cm away from a 52-inch computer monitor. The recording 
setup was kept in the observation room with a one-way glass 

partition in between the two rooms. This setup is particularly 
useful to avoid making participants conscious of being 
watched during the experiment.

The subjects were given a written set of instructions to 
be followed during the experiment and were also verbally 
instructed to remain relaxed and avoid any eye or gross 
body movement during the experiment. A continuous EEG 
activity was recorded during the flanker task before and after 
and while the participants were viewing the nature video. 
The EEG was sampled at 500 Hz, and referenced to default 
reference FCz and offline re-referenced to mastoids. A 
checklist of instructions and steps to be followed during data 
collection both for the investigator and the participant was 
prepared in advance. This checklist was uniformly applied for 
each experiment. The experiment lasted for an average of 38 
min. The overall flow diagram of the experimental procedure 
is depicted in Figure 3.

Control Measures in Experimental Design

The experimental procedure included a practice block in a 
prebaseline period and randomization of trial type to reduce 
“task familiarity effects”.49 Controlled lab settings for 
experimentation were maintained with minimal interference 
in the experiment room after the start of the experiment to 
control the “Hawthorne effects” that occur when the subjects 
know that they are being observed.50

Data Analysis

The EEG data were processed using Brain Vision Analyzer 
(version 2.0 Brain Products, Munich, Germany). Data were 

Figure 2. Picture of Experimental Settings.

Figure 3. Experimental Flow Diagram.
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re-referenced to the average of the left and right mastoids 
(TP9 and TP10).51–53 The artifact correction was performed 
using the method included in the Brain Vision Analyzer. 
The details of preprocessing and data extraction for the ERP 
analysis are presented in Figure 4.

The steps followed for preprocessing were the same 
as for ERP and spectral analyses. However, there was a 
difference in the processing pipeline after segmentation 1: 
prior to the spectral analysis, the data after preprocessing 
were downsampled to 256 Hz. Fast Fourier transform was 
performed on epochs of 2 s with 50% overlap to get a 
maximum frequency resolution of 0.5 Hz. Data were extracted 
for the following frequency bands: theta (4–7.5 Hz) and alpha 
(7.5–12.5 Hz). The mean frequency band power for the alpha 
and theta frequency was calculated for five regions—frontal, 
fronto-central, central, centro-parietal, and parietal. The 
statistical analysis for theta, alpha, and beta (before and after 
NE) was undertaken using a series of paired sample t-tests for 
all regions over before and after NE.

For the ERP analysis, using a mean amplitude approach,54

based on the grand averaged data, mean activity (signed 
values) for N2 and P3 was extracted within a 280 to 350 ms 
and 300 to 650 ms window poststimulus onset, respectively. 
The global maxima peak in the baseline-corrected average 
waveform was calculated for all electrodes within the 
respective time window. The latency of electrode with the 
highest amplitude of P3 and N2 was used for the statistical 
analysis.

Before conducting statistical analyses, cognitive outcome 
measures were assessed for normality. To test the effects of 

NE, within-subject measure analyses of variance with the 
condition (before and after NE) and congruency (congruent 
and incongruent) as a within-subject variable were conducted. 
Statistical analyses for the N2 and P3 ERP components were 
performed using the average of five electrode sites across 
the midline (N2: Fz, FCz, and Cz; P3: Cz, CPz, and Pz).55,56

The anterior N2 is most robust and frequently examined at 
frontal and fronto-central midline electrode sites,55,57 while 
the posterior P3 component is most prominent and commonly 
studied at centro-parietal and parietal midline electrode 
sites.55,56,58

The statistical analysis was performed using IBM SPSS 
version 20.0. Descriptive statistics and box plots were used to 
identify any outliers, and Mauchly’s test of sphericity was used 
to check the homogeneity of variance. Where appropriate, the 
Greenhouse–Geisser correction was applied to counteract 
the inflation of type 1 error59 and Bonferroni correction 
for multiple comparisons. All the tests were conducted as 
two-tailed, and the family-wise alpha level of probability was 
set at P < .05. Lastly, bivariate correlations were conducted 
to examine the relationship between response time scores and 
ERP component amplitudes. Partial eta squared (η2

p) values 
are presented as effect sizes. 

Results

A descriptive analysis was conducted, and the outliers 
were identified based on extreme values more than three 
interquartile ranges60 computed from Tukey’s hinges in SPSS. 

Figure 4. Stepwise EEG Data Processing.
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Two cases were excluded at this stage. Preliminary analysis 
measures are presented in Table 1 and show that there was 
no significant difference with respect to age, gender, or 
qualification for the response time and accuracy. Further, 
there was no significant difference in response time for the 
two test blocks in the pretest (blocks 1 and 2) and posttest 
(blocks 3 and 4; all Ps > .05), demonstrating that there was no 
difference in performance because of repeated measurements 
and that the open eye rest condition had no significant effect 
on performance. Therefore, for further EEG data analysis, 
the data from two test blocks in the pretest and posttest were 
combined and referred to as before and after NE flanker.

Further, the effect of NE on the accuracy and response 
time for two flanker types was examined using within-subject 
measure analysis of variance. Because the assumption for 
sphericity was not met (Mauchly’s W = 0.239, P < .05), the 
Greenhouse–Geisser adjustments were applied. The results 
show a significant effect of NE on response time F (1,50) 
= 14.75, P < .001, ƞ2

p = 0.305. Further, the comparisons 
revealed a significant effect of NE on the response time for 
congruent trials F (1, 50) = 11.03, P < .005, ƞ2

p = 0.251 and 
incongruent trials F (1, 50) =9.27, P < .01, ƞ2

p = 0.219.
As expected by the experimental paradigm of the flanker 

task, there was a significant effect of congruency on response 
time in both before and after NE flanker task: before NE, F 
(1,50) = 25.225, P < .001, ƞ2

p = 0.433, after NE, F (1,50) 
= 25.86, P < .001, ƞ2

p = 0.48, with increased response time 
for incongruent trials in both before and after NE. Figure 5 
depicts the distribution of response time (mean and standard 
deviation).

The examination of the difference in accuracy for the 
congruent and incongruent trials in the before and after 
NE shows that there was no significant effect of NE on the 
accuracy of either congruent trials or incongruent trials, Ps 
> .1. But there was a significant effect of congruency on the 
accuracy in both before NE, F (1, 50) = 94.54, P < .001, ƞ2

p 
= 0.75, and after NE, F (1, 50) = 47.5, P < .001, ƞ2

p = 0.60, 
with more accuracy for congruent trials than incongruent 
trials. Figure 6 depicts the distribution of accuracy (mean 
and standard deviation). The means and standard deviations 
are given in Table 1. It is worth noting that there was only 
a marginal increase in the accuracy for incongruent trials in 
after NE flanker task.

(A)

(B)

Figure 5. Box Plot Diagram Depicting the Distribution of Re-
sponse Time for (A) Congruent and (B) Incongruent.

(A)

(B)

Figure 6. Box Plot Diagram Depicting the Distribution of Accuracy 
for (A) Congruent and (B) Incongruent.

Table 1. Mean and Standard Deviation for Age and Gender Groups 
With Statistical Values for Significant Difference.

Response Time ( ms)

Statistical 
ValuesMean

Standard 
Deviation

Age

Gender
males
females

26.0 years

593.01 ms 
604.19 ms

7.8 years

173.52
144.12

p = .872

p = .549
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Table 2. Mean and Standard Deviation (SD) for Congruent and 
Incongruent Trials Before and After Nature Experience.

Response Time ( ms) Accuracy

Mean SD Mean SD

Congruent 
before NE

544.81 147.70 .90 .01

Incongruent 
before NE

594.15 147.61 .94 .14

Congruent
 after NE

483.75 98.39 .90 .01

Incongruent 
after NE

531.78 101.52 .96 .04

A paired-samples t-test was conducted to compare the 
effect of NE on theta and alpha power. One case was further 
omitted at this stage for the poor quality of raw data. An 
analysis of theta power in the five regions was examined for 
its role in inhibitory control in attentional processing. There 
was a significant difference in the mean theta activity in the 
frontal [t (49) = 2.23, P < .05], fronto-central [t (49) = 2.57, P 
< .05], central [t (49) = 3.07, P < .01], and centro-parietal [t 
(49) = 2.50, P < .05] regions in before and after NE. However, 
there was no significant difference in the parietal region (P > 
.05). A summary of means and standard deviations is given in 
Table 2. Specifically, the results show a significant difference 
in fronto-central theta, indicating improved inhibitory control 
to distractors associated with enhanced theta.

There was a significant difference in the mean alpha 
activity in all the five brain regions in before and after NE, 
frontal [t (49) = 3.83, P < .005], fronto-central [t(49) = 3.72, 
P < .005], central [t (49) = 3.20, P < .005], centro-parietal [t 
(49) = 3.14, P < .005], and parietal [t (49) = 3.50, P < .001] 
regions. The summary of mean and standard deviation is given 
in Table 2. The results signify that the NE has a significant 
effect on alpha mean activity, indicating enhancement of the 
directed attention or the decreased arousal associated with an 
increase in alpha.

To confirm that the resulting ERPs are in line with the 
typical patterns of electrical activity observed for the flanker 
task, the grand mean ERP averaged for incongruent trials 
was plotted. The ERP deflections were found to resemble the 
pattern usually found with the incongruent trials of the flanker 
task, representing a robust reflection of the interference 
because of flankers, which was present in the data. Figure 7 
shows the N2 and P3 components in the midline electrodes.

A within-subject measure analysis of variance with 
two within-subject factors: flanker trial type (congruent/
incongruent) and condition (before/after) was conducted. 
The assumption for sphericity was met (Mauchly’s test P = 
.63). To evaluate the expected difference between inhibitory 
controls in before and after NE conditions, the mean 
amplitude analysis for the N2 component was conducted at 
averaged fronto-central electrodes Fz, FCz, and Cz within 

the time window 280 to 350 ms. Grand averaged waveforms 
highlighting N2 for congruent and incongruent trials in 
both before and after NE are presented in Figures 7A–C. 
The EEG signal was maximal at Fz, and this electrode was 
therefore used to derive peak latencies. An initial analysis 
of variance assessed a significant effect of NE on N2 mean 
activity for incongruent trials F (3,93) = 4.62, P < .05, ƞ2

p 
= 0.113, such that more negative N2 values were observed 
during the incongruent task trials F (1,49) = 6.23, P < .05, 
ƞ2

p = 0.167 in the after NE condition. However, there was no 
significant effect of NE for congruent trials, P > .1. But, there 
was a significant effect of NE on postcongruency F (1,49) 
=7.76, P < .01, ƞ2

p = 0.200. The analysis for this condition 
was of interest because the inhibitory control to the flanker 
for incongruent trials would be expected to reflect in the N2 
waveform after NE, and an improvement would indicate 
more efficient inhibitory control.

A P3 analysis was conducted for averaged central 
and parietal electrodes Cz, CPz, and Pz. Grand averaged 
waveforms highlighting P3 for congruent and incongruent 
trials in both before and after NE are presented in Figures 
7C–E. There was a significant effect of NE on P3 mean 
activity F (3,108) = 2.69, P < .05, ƞ2

p = 0.069. The planned 
contrast revealed that there was a significant effect of NE on 
incongruent trials, F (1, 49) =3.45, P < .05, ƞ2

p = 0.088, which 
was not significant for congruent trials P = .49.

For the latency analysis, Fz with maximum mean 
amplitude for N2 and CPz with maximum amplitude for P3 
were used to derive peak latency. There was a significant 
effect of NE on P3 peak latency F (3,99) =10.55, P < .001, 
ƞ2

p = 0.242 and N2 peak latency F = 3.33, P < .05, ƞ2
p = 0.085, 

with shorter latencies in the after NE condition.
Further, the response time correlated with the average 

P3 mean amplitudes r = 0.345 to 0.468, all P < .05 for both 
congruent and incongruent flanker trials. Figure 8 depicts the 
topographical presentation of frontal N2 and centro-parietal 
P3 in before and after NE.

Conclusion and Discussion

This study provides preliminary evidence for the effects of 
NE on the neurocognitive mechanisms of directed attention. 
The findings from this study suggest that improved inhibitory 
control could be one of the aspects of enhanced directed 
attention associated with NE. The outcomes of this study 
are also in line with a recent research that suggests that 
the visual perception of natural environments calls for less 
attentional and cognitive processing, when compared with 
urban stimuli.61

This study reports an improved response time after a 
brief NE for both congruent and incongruent flanker tasks 
with a large effect size (ƞ2

p > 0.20). However, there was 
no significant improvement in the response times after a 
brief open eye rest condition. These findings suggest that 
participants were able to focus and successfully inhibit the 
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Figure 7. Grand Mean Averaged Waveforms for (A) Frontal, (B) Fron-
to-Central, (C) Central, (D) Centro-Parietal, and (E) Parietal Midline 
Electrodes. (A) to (C) Highlight N2 and (C) to (E) Highlight P3.

(A)

(B)

N2

N2

         P3

(C) 

(D) 

(E) 

N2

P3

            P3

         P3

(C) 

(D) 

(E) 

N2

P3

            P3

         P3

(C) 

(D) 

(E) 

N2

P3

            P3

distractions from irrelevant information in a subsequent 
cognitive task to make an appropriate response. Previous 
studies using similar attention tasks such as Stroop task, 
backward digit span,13,62,63 and attention network test64 have 
also demonstrated an improvement in the response times. 

There was no change in the accuracy reported for 
congruent trials, and only a marginal improvement in 
incongruent trials for after NE was observed. It may be 
reasoned that participants may have found the flanker task 
only moderately difficult, as also concurred by high accuracy 
(>0.90) for both congruent and incongruent trials. It is argued 
that when most of the participants have scores at the upper 
limit of the test, some of the actual variation in the data is 
not reflected in the scores obtained from that test, which are 
known as “ceiling effects”.65
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The outcomes from the ERP analysis show a significant 
change in the neural response to the flanker trials after NE. 
There were significant differences in the mean amplitude of 
N2 for congruent and incongruent trials, and for incongruent 
trials after NE. A substantial effect (ƞ2

p = 0.113) on the 
improved inhibition of distractors in a subsequent flanker 
task was found with greater negativities of N2 in the frontal 
and fronto-central regions. Studies suggest that a greater 
negative N2 corresponds to the avoidance of inappropriate 
responses, possibly reflecting the inhibition of automatically 
primed responses.45 The presence of conflict was shown to 
modulate the N2 potential such that the amplitude increased 
in incongruent trials relative to congruent ones. This effect 
has been related to control processes arising in the fronto-
central brain regions. Greater N2 negativity in fronto-central 
topography has been associated with cognitive control,45,54

particularly related to the suppression of irrelevant 
stimuli.44,54,66,68 Thus, the greater negative N2 mean amplitude 
found for incongruent flanker trials indicates efficient 
inhibitory control for the cognitive conflict presented by the 
flanker arrows in the incongruent trials. 

Further, the P3 amplitude was observed to be significantly 
lower after NE in the centro-parietal regions. Because P3 
is reported to be an index of resource allocation,56 a lower 
P3 amplitude observed in this research may indicate lower 

cognitive resources employed for the flanker task after the 
NE. However, often, the decrease in P3 is also associated with 
“attentional lapse” and hence decrease in accuracy. In this 
study, the accuracy was not compromised; therefore, lower 
P3 may be interpreted as efficient resource allocation. A lower 
P3 mean amplitude may also indicate the efficient application 
of “task rules” for an appropriate response. Particularly, 
localized right parietal activity could suggest “task-relevant” 
resource allocation. These findings are also in line with 
previous studies showing that brief meditation practice leads 
to more effective brain resource allocation66,68 and improved 
efficiency.69 In light of the behavioral performance, and N2 
and P3 mean amplitude outcomes, it may be inferred that 
enhancement in directed attention reflected in an improved 
response time is perhaps because of improved and efficient 
inhibitory control for incongruent trials after NE.

The spectral analysis shows that there were significant 
differences across the frontal and fronto-central regions in 
theta (P < .05) and across the frontal and parietal regions 
for alpha (P < .005). The alpha and theta—the dominant 
frequencies during NE—perhaps continued during the 
cognitively demanding flanker task after the NE. Studies 
suggest that enhanced theta indicates the improvement in 
the capacity to control one’s locus of attention.47 Increased 
theta after NE may also mean an improvement in focus and 
attention.

Further, in light of existing studies that have investigated 
the significance of alpha,70–72 an increase in alpha as reported 
in our study can be interpreted as a state of relaxation and 
increased directed attention capacity. Together with higher 
theta, higher alpha during NE indicates a mental state that 
is relaxed yet alert. Interestingly, the results from our 
study are in line with the findings from meditative and 
mindfulness studies that also suggest an emergence of theta 
and alpha waves in the attention-related frontal and parietal 
regions.71,73,74 Additionally, the presence of lower frequency 
theta and alpha is generally known for the deactivation of 
cortical processing. In the context of this study, it may be 
construed as lower distractions and subsequently reduced 
task-irrelevant processing. Consequently, the presence of 
lower distractions may be conjectured as the lesser mental 
effort required for inhibitory control.

The above-derived conclusions also find support from 
the neural efficiency hypothesis, which proposes that the 
effective performance on a cognitive task may not depend on 
how hard the brain works, but rather on how “economically” 
the resources are put to use to get an appropriate response.75

Thus, the observations from the experiment as described in 
this study not only suggest that NE enhances attention, but also 
provide evidence for more efficient fronto-parietal correlates 
of neurocognitive processes involved in directed attention. 
This result could be of direct relevance to present-day needs 
for improving one’s ability to focus and direct attention at the 
task in hand. NE offers a cost-effective, alternate intervention 
for attention-related dysfunctions.

Before After

N2

Figure 8. Topographical Representation of the Difference Wave 
Between Grand Averaged Waveform for the Incongruent Trials Af-
ter and Before Nature Experience: (A) Frontal N2; (B) Parietal P3.

P3



Sahni and Kumar 145

Limitations and Implications for Future Research

This study was designed in controlled lab conditions, and 
NE was simulated through audiovisual media.  It may be 
suggested here that future studies could include NE through 
a real-time interaction with nature such as forests, parks, 
gardens, or urban green spaces in the experiment design 
to explore the outcomes as listed in this study. Further, the 
outcomes of this study are based on brief NE; the inclusion of 
the effect of time and duration of NE could provide evidence 
for effectivity of NE as an alternate intervention. 

The experiment described in our study has used a 
repeated measure design. This method has been widely 
used in EEG-based experiments as they provide two main 
advantages. First, they are suggested to control for the factors 
that cause variability between subjects, and the subjects 
act as their own control. Second, fewer subjects need to be 
recruited, trained, and compensated to complete the entire 
experiment for the desired effect size. A rest condition was 
used as control, and significance was analyzed both before 
and after the NE. However, a comparative condition such as 
an urban environment could be used as an alternate setting for 
future studies.

Nevertheless, given the limitations of the study as 
described above, one merit of the current design is that it 
gives a good reflection of the likely effects of NE on inhibition 
control and attention enhancement.
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