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Abstract 

This study investigates the cognitive and affective benefits of walks in a natural 

setting. The participants were 40 college students who completed the PANAS (an affective 

evaluation) and the backwards digit span task (an attention evaluation) before going on 

either a 5-minute or a 15-minute walk. One group walked on a natural trail setting, while 

the other walked in a gymnasium. After the walk, participants completed the PANAS and 

the backwards digit span task along with a debriefing sheet. All participants had a 

significantly elevated positive mood after exercise, regardless of the location or time. The 

group that walked on the trail made significant improvement on the backwards digit span 

task from the pretest to the posttest, but the group that walked in the gym did not.  

Participants who walked for 15 minutes in a natural setting showed the most attentional 

improvement. This indicates that exercise alone is sufficient to boost mood, but only 

natural settings also improve attentional capabilities. These results have far-reaching 

implications from how workdays are structured to maximize productivity, to how people 

combat depression. 
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 The natural world is awe-inspiring, but what may some of the hidden 

benefits be to such a setting? Although we are surrounded by natural spaces, many people 

may not know the advantages of utilizing such areas. Our society’s general alienation from 

the natural world is gaining popularity as an area of psychological research. With far 

reaching implications, research on nature is just getting its start across scientific 

disciplines. Over the last two decades, the research continues to accumulate in regards to 

the benefits of spending time in natural settings. Despite an ever-increasing cultural 

emphasis on indoor comforts and technology, current studies point to the importance of 

natural settings in gaining a plethora of benefits, such as attentional and affective 

enrichment.    

The Problem of Staying Indoors 

The technological boom and comforts of indoors make it increasingly easy for 

people to choose to stay inside. There are laptops, cell phones, television, Netflix, iPods, and 

an overload of other electronics that could keep one occupied for hours on end. In the 

words of a 5th grader from San-Diego, “I like to play indoors better ‘cause that’s where all 

the electrical outlets are” (Louv, 2006, p. 54). Although this quotation is cute, the reality is 

that similar attitudes are more common than one would hope. Staying inside with digital 

distractions is not just a problem for children, but for adults as well. Nor are electronics the 

only reason people choose to stay inside; air conditioning, busyness, comfortable couches, 

indoor gyms… the list could go on and on.  

Although our modern lifestyles disconnect us from nature, ignoring the outside 

world may not only have health risks, but also, a person may be missing out on elevated 

moods and better task efficiency (Louv, 2006). Additionally, women who spent time in 



Comparison of Indoor and Outdoor Walks        4 

various outdoor activities also had a more positive body image and higher self-esteem, 

regardless of what activity they engaged in (Schreiber, 2011). 

Still other studies expanded the benefits of nature. One study suggests that 

interaction with nature has direct health benefits. When people attend to outdoor habitats, 

gardens, or other forms of nature, they are more likely to engage in physical exercise and 

behaviors that improve overall health (Hansen-Ketchum, Marck, & Reutter, 2009). Another 

group of researchers hypothesized that more interaction with nature in the workplace 

could greatly reduce stress and health problems for employees (Largo-Wight, Chen, Dodd, 

& Weiler, 2011). To measure these changes, the Perceived Stress Questionnaire was used, 

as well as questions regarding stress-related health behaviors and outcomes. There was a 

negative association between nature contact and stress as well as a negative association 

between nature contact and general health complaints. Both of these outcomes were 

statistically significant. These findings suggest that as contact with nature increases in the 

workplace, perceived stress and generalized health complaints decline (Largo-Wight, Chen, 

Dodd, & Weiler, 2011). 

There are also a growing number of schools advocating to move classrooms into 

outdoor settings. The California Board of Education released a study noting that children 

with outdoor classrooms have better standardized test scores, including an impressive 

27% increase in their science scores (Louv, 2006). This type of research shows great 

potential for other classrooms. Our society is a homework-heavy, test-driven culture that 

places great demands on students. Thankfully, outdoor classrooms are not the only way 

nature can be incorporated into the learning process. A recent study illuminated nature’s 

role in the school system and student’s mental health. The study gave an overview of the 
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positive effect nature can have on children’s mental states, and urged school counselors to 

be creative in incorporating outdoor environments into their comprehensive school 

counseling programs (Flom, Johnson, Hubbard, & Reidt, 2011). 

The Attentional Benefits of Nature 

 One of the most intriguing benefits of spending time in nature is its link to 

attentional focus. For example, a study of 7-12 year olds with Attention Deficit Disorder 

concluded that contact with everyday natural settings increased attentional functioning in 

these children. In fact, the “greener” their play space was, the better their attentional 

capacities (Taylor & Sullivan, 2001).  

This bonus of concentration may be especially important for college students who 

must attend to homework, class work, extra-curriculars, and friendships throughout the 

day. In a college setting, students are constantly in stressful situations where they must pay 

attention, execute, and succeed. As Felsten notes, “College students spend much of their 

time on campus engaged in activities that require sustained directed attention, which may 

lead to attention fatigue. They would benefit from campus settings that provide effective 

restoration breaks and allow them to return to their work cognitively refreshed.” (2009, p. 

160). Additionally, Cimprich found that mental anxiety associated with academic stress 

influences attentional processes in learning and academic performance (1992). College 

students, then, have a lot at stake when it comes to tending to their attentional capacities. 

Kaplan suggests that natural settings are particularly rich in restorative 

characteristics, and may be key to cognitive attention (Kaplan, 1995). Felsten’s study 

suggested that even looking out windows at nature, or a painting of nature, could give the 

restoration that is necessary for concentration (2009). Berto further extended these results 
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in a study that compared attention in those who looked at photographs of natural 

restorative environments versus those who looked at photos of geometric shapes (a non-

restorative photograph). Again, the natural setting group improved significantly on a task 

requiring sustained attention, whereas the geometric shapes group did not (Berto, 2005). 

Even computer generated “virtual nature settings” had similar restorative effects as 

exposure to surrogate nature (Valtchanov, Barton, & Ellard, 2010). 

These findings have been reproduced in several studies, but Mayer et al. make an 

important distinction between virtual nature and actual nature. Although nature views 

from windows or photographs of nature can evoke benefits similar to those of a real 

natural setting, the cognitive benefits are more drastic for real nature as opposed to natural 

representations (Mayer, Frantz, Bruehlman-Senecal, & Dolliver, 2009). 

Overall, it is clear that nature plays a significant role in maintaining directed 

attention. Directed attention is, of course, key to task performance, but it also has strong 

connections to memory. A 2011 study suggested that directed attention is closely tied to 

working memory and keeping objects in mind (Lepsien, Thornton, & Nobre, 2011). Because 

working memory involves short-term memory and our ability to focus and attend to a task, 

it is at the core of cognitive processing.  Thus, if increased voluntary attention is 

fundamental to working memory, natural settings may have an even broader impact on our 

everyday cognition than previously thought. Increased attentional capacity is vital to 

excelling in daily tasks. But what is the mechanism through which nature boosts attention? 

Attention Restoration Theory 

Many researchers seek to explain these attentional benefits by exploring Attention 

Restoration Theory (ART).  This theory maintains that our directed attentional capacity (or 
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our top-down attention -- that which is controlled, intentional, and active during a 

cognitive task) can become overwhelmed, leading to a major decline in cognitive focus 

(Kaplan, 1995). ART suggests that spending time in nature gives the attentional aspects of 

your cognition a break by capturing your indirect attention in a modest way, allowing a 

person to come back to a task with more focus and efficiency. According to ART, natural 

settings gently capture our involuntary attention (that is, our attention that is stimulus 

driven or “bottom-up”), allowing our directed attention a chance to replenish. Because 

directed attention is crucial for high-level cognitive functioning, the replenishing effects of 

natural settings improve attention and focus on challenging tasks (Berman, Jonides, & 

Kaplan, 2008). ART has been a prevalent theory since the 1990’s, and in a 2008 study, 

Berman, Jonides, and Kaplan tested this theory successfully through an Attention Network 

Test. They found that only the executive (or direct) attention benefited from pictures of 

nature versus urban areas. Thus, ART is a relevant framework to shed light on the current 

study. 

Affective Benefits of Nature 

Nature helps boost happiness and overall affective mood (Nisbet & Zelenski, 2011). 

It also increases feelings of well-being for those who spend time outdoors (Nisbet, Murphy, 

& Zelenski, 2011). These positive feelings associated with time in nature foster a 

connectedness to the natural world. Nisbet and Zelenski argue that spending time in nature 

may not only be beneficial for people’s moods, but also may increase environmental 

sustainability behavior due to the connectedness felt while spending time in natural 

environments (2011). While this may seem a bit farfetched, elevated mood has repeatedly 

been demonstrated in outdoor settings and is linked with “green” behavior. An article 
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published in Ecopsychology notes that frequent nature walks cultivate motivation to 

decrease climate change and increase sustainability (De Young, 2010).  

The affective benefits of a natural setting were further confirmed in a study of boys 

(ages 10-12) with extreme behavioral problems. The boys spent time in a forest setting 

over a six-month period, and their emotional responses were recorded. Results showed an 

increase in positive affective over time, accompanied by increased trust, exploratory 

activity and social cohesion. (Roe & Aspinall, 2011).  

Another study noted that outdoor walks in nature increase mood and 

connectedness to nature. Mayer et al., also found that time in nature helps a person reflect 

on a life problem (Mayer, Frantz, Bruehlman-Senecal, & Dolliver, 2009).  This indicates that 

natural settings induce an overall “clear head” that allows one to sift through thoughts 

more easily and work through everyday issues. Although previous work has emphasized 

children and college students as the main beneficiaries of natural settings, the ability to 

clearly think through difficult problems benefits the broader population. 

In one experiment, participants who walked outdoors in a natural setting had a 

significant increase on the positive facets of the PANAS (Positive and Negative Affect 

Schedule) (Berman, Jonides, & Kaplan, 2008; Watson, Clark, & Tellegen, 1988).  Other 

researchers also found significant improvement on the PANAS in participants spending 

time outside (Nisbet & Zelenski, 2011). All of these studies clearly point towards natural 

settings as instruments of affective change. 

The Missing Element of Time 

 The largest gap in the literature seems to be how long one must spend time 

outdoors in nature in order to gain these attentional and affective benefits. This is a crucial 
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question since our society is so focused on getting what we want, when we want it. Some 

studies have suggested that affective benefits are accessible after 15 minutes of outdoor 

time (Nisbet & Zelenski, 2011). Another study compared different lengths of recess time for 

preschoolers. They noted that, although all three recess-lengths improved the children’s 

classroom attention, the 10 and 20-minute recess conditions were more effective than the 

30-minute condition (Holmes, Pelligren, & Schmidt, 2006).  However, this same study 

based its research on the Cognitive Immaturity Theory, noting that children’s cognitive 

functioning is not the same as adults. Another study reviewed attentional benefits in adults, 

but did not look at the factor of time. Their study did find that walks improved cognitive 

attention, but each outdoor walk took about an hour to complete (Berman, Jonides, & 

Kaplan, 2008).  

To briefly summarize, the current body of research on the effects of nature 

illustrates the attentional and mood benefits of an outdoor setting, and yet it ignores the 

question of how long one must be outside to acquire these effects.  The present study was 

designed to find the most convenient nature break that is still effective in inducing 

attentional and affective benefits.  By looking at five-minute walks and fifteen-minute 

walks, this study not only affirms several crucial findings about time spent outdoors, but 

also answers the question, “What is the most efficient break one can take and still accrue 

both attentional and affective improvements?” An hour-long walk in nature may not be 

feasible for people with a busy schedule, but if shorter outdoor breaks also induce these 

cognitive benefits, perhaps we could dissolve the indoor mindset of staying nearby the 

electrical outlets.  
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Keeping these previous studies in mind, the natural setting chosen for this 

experiment was a wooded trail on the edge of campus. Norling et al. instruct that the 

Attention Restoration Theory includes four major elements an environment must provide 

in order to be restorative: 

“These include being away (cognitive distance and disengagement from stimuli 

causing attentional fatigue), fascination (a shift from voluntary to involuntary 

attention), extent (connectedness and scope leading to the experience of a whole 

other world), and compatibility (goal alignment and environmentally supportive 

conditions)” (Norling, Sibthorp, Suchy, Hannon, & Ruddell, 2010, p. 137). 

 In the current study, the chosen trail has a distinct natural layout, contrasting with the 

rest of the campus (the control group walked the same distance in a gym without window 

views). The trees are tall enough to create a canopy that makes the wooded area feel 

enclosed and separate from the rest of campus. This seems to be a part of campus where 

one can forget about the rest of school for a while. The trails on campus seem to meet all 

four goals of a restorative area. Using the ART as a framework, the current study, seeks to 

establish the affective and attentional benefits of this natural setting on a college campus. 

Hypotheses 

The primary hypothesis asserted that the participants in the 15-minute outdoor 

walk condition would have the most improvement on the attentional tasks (measured in 

reaction time and accuracy) as well as more positive scores on the PANAS. The 5-minute 

outdoor condition was hypothesized to also improve on these two measures, but not as 

drastically as the 15-minute condition. No significant differences were expected in the 

indoor control group. 
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The secondary hypothesis suggested those who were in the outdoor condition 

would have rated their walk as more refreshing than those who were in the indoor 

condition. A similar finding was evident in Nisbet & Zelenski’s work on predicting 

enjoyment from walks (2011). The ART framework highlights the restorative effects of 

nature, so self-ratings of refreshment should also be significantly higher in the outdoor 

condition. 

The final hypothesis predicted there should be significant differences in “refreshing” 

ratings as well as PANAS mood ratings based on the weather. Although previous studies 

have found that the benefits of nature occur regardless of the season (Berman, Jonides, & 

Kaplan, 2008) the two days of data collection in this study had drastic enough weather 

variations to allow further exploration of this question. In the outdoor condition, the first 

group walked on the trail when it was 60 degrees Fahrenheit and sunny, and the second 

group walked the day after, when it was 37 degrees Fahrenheit and cloudy.  

In order to complete almost any task in day-to-day life, cognitive attention is 

required (and a happy mood is a plus). This study explored the link between natural 

settings and improved happiness and attention, and paved the way for further significant 

research in the field of natural psychology. 

Methods 

Participants 

 There were 40 college students who initially volunteered to participate in this study, 

20 males and 20 females. If they were enrolled in a Psychology course, they received extra 

credit for their participation. All participants were offered homemade cookies at the 

conclusion of the experiment for further incentive. 10 participants’ data had to be thrown 
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out due to technical issues, and 10 more participants were then recruited and tested at a 

later date (making a total of 50 volunteers, but only 40 were included in analyses). All 40 

recorded participants ranged from freshman to seniors at a private liberal arts college. 

There were 20 males and 20 females with ages ranging from 18 years old to 23 years old 

(mean = 20.075, median = 20). 

Instruments 

 The instruments used in this study were an informed consent sheet, the PANAS 

(Clark, Telligen & Watson, 1988), a computerized backwards digit span task, and a 

debriefing sheet. 

PANAS 

 The PANAS is a measure of affect. The version used in this study was a 20-item 

positive and negative list of emotions. Participants were asked to rate how much each 

emotion described them “right now”. The list was randomly ordered, and participants rated 

each adjective on a scale of 1-5 (1 meaning this describes me very slightly right now, 5 

meaning this describes me extremely right now). 

 According to Watson and Clark’s work (1988) the internal consistency reliabilities 

for these items are high, ranging from about .83 to .90 for positive affect, and from .85 to 

.90 for negative affect. Convergent validity for this scale ranges from .90 to .95 for positive 

affect, and .92-.95 for negative affect. The discriminant correlations between these two 

types of affect are quite low, ranging from -.02 to .28 for positive, and .00 to -.16 for 

negative. The reliability and validity of the PANAS were again supported through the work 

of Crawford and Henry (2004), although they noted that complete independence on the 

positive and negative scales must be rejected. The PANAS, then, seems to be a valid and 
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reliable measure, tapping two largely independent dimensions of affect. In previous 

literature, the PANAS has been the affective measure of choice in nature research (see 

Berman, Jonides, & Kaplan, 2008 and Nisbet & Zelenski, 2011) and is a practical choice for 

the current experiment in order to solidify previous findings in a new setting. 

Backwards Digit Span Task 

 The backwards digit span task is a short-term (or working) memory task that 

requires executive attention to manipulate the numbers (Passolunghi & Cornoldi, 2008). 

This task is a popular method used to study memory and attention span. The task has a 

series of numbers that the participant must then repeat backwards. This version of the 

backwards digit span task follows the guidelines of Cowan (2001) as well as the design of 

Berman, Jonides, and Kaplan in their study of interacting with nature (2008). 

 The backwards digit span for this study was completed on the computer using the 

program PsyScope. The task had 14 sequences of numbers that increased in length from 3 

digits to 9 digits in length (with 2 items of each length). For this study, the participants 

would see the sequence of numbers on the screen, and when they disappeared, the 

participants would then be asked to type that same sequence backwards. The number 

sequences for this task were generated by entering the digits 0-9 in to a list on random.org 

to create sequences in varying lengths. The time each sequence stayed on the screen 

increased as the sequences got longer. For sequences that were 3 digits in length, the cue 

stayed on the screen for 2 seconds, and then for each added digit, the sequence stayed on 

the screen for an additional .5 seconds. Because the backwards digit span task is 

traditionally read aloud, the display times on the computer screen for each sequence were 

based off of peer test trials (who did not ultimately participate in the experiment).  
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 The backwards digit span task was used primarily for its strong attentional 

attributes (in taxing the working memory) as well as its brief run time. It was measured in 

PsyScope for both accuracy (total sequences correct) as well as reaction time (from the end 

of the sequence display to the participant’s entered response). All of these aspects made 

the backwards digit span task a perfect choice for this experiment. 

Debriefing Sheet 

The final instrument was a debriefing sheet that asked for general reactions to the 

study, hypothesis guessing, and for common socio-demographic information. This sheet 

also included a score of how refreshing they found their walk (on a scale of 1 (not at all) to 

10 (extremely)). 

Procedure 

 The 40 participants, after signing a consent form and choosing a testing time, were 

randomly assigned (using random.org) into two conditions with two levels in each 

condition. There were 10 males and 10 females in the natural setting walk condition, and 

10 males and 10 females in the indoor gym walk condition. In each setting, there was a 5-

minute level and a 15-minute level. There were 5 males and 5 females in each level of each 

condition. The two forms of the PANAS were randomly ordered across participants, and the 

two versions of the backwards digit span task were alternated between days to check for 

equality of the random number sequences. In independent sample t-tests, the two forms of 

the PANAS as well as the alternating forms of the backward digit span task did not have any 

significant differences, indicating that they were indeed equivalent and had no main effect 

on the outcome. 
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 Participants were scheduled one at a time in 30-minute intervals. The participants 

were sent an email telling them the location of the study (either the gym or the trail) and 

asked them not to talk to anyone else about the study. Once at their location, the 

participants were asked to turn off all electronics before filling out the PANAS and 

completing the backwards digit span task. Next, participants walked (for either 5 or 15 

minutes) at their own pace, with a pre-set timer, counting down, to signal the halfway point 

where they should turn around. Once participants finished their walks, they immediately 

took the backwards digit span task again, and completed the PANAS about how they were 

feeling right at that moment.  

Before leaving, participants filled out the debriefing sheet. The entire process for 

each participant took between 20-30 minutes, depending on the condition. After filling out 

all measures, participants were told what the experiment was trying to find (if they were 

curious), and were thanked for their participation. 

Controls 

In order to reduce lurking variables, there were a substantial number of precautions 

taken to control each setting. 

First, there were 3 different experimenters, but each experimenter had a previous 

training session to make sure they understood what could and what could not be said, as 

well as how to run the tests on the computer and the order of the experiment. Each 

experimenter also had a script to reference in order to reduce variations. I switched from 

the indoor to the outdoor condition from day 1 to day 2 in order to also control for 

experimenter bias. 
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The instruments that were used were kept the same, the computers on which the 

data were recorded were the same model, the timers that the participants carried were the 

same model, and randomization was used when at all possible. The two separate locations 

and two separate time categories were kept a secret to participants to avoid possible 

subject effects. Participants were scheduled by themselves to avoid distractions or effects 

from socializing with other people on their walks, in hopes that the final results would be 

due only to the location and time of the walk instead of another factor.  

Data Preparation 

To prepare for data analysis, the data was first reviewed and cleaned for any 

obvious problems. The backwards digit span task output from the PsyScope program was 

imported into Microsoft Excel. From there, the median reaction times were calculated, and 

the sequences were scored based on how many sequences were completely correct (a total 

score out of 14).  

The PANAS data were transferred from the paper hard copies to an Excel 

spreadsheet as well -- one person reading the scores aloud, and the other person typing 

them into the computer. This helped eliminate possible fatigue or typing errors. This same 

process was used to enter sociodemographic information from the debriefing sheet into 

Excel. 

Once the data had been entered uniformly, they were imported into the statistical 

program R in order to run analyses (R Development Core Team, 2011). 

Results 

Hypothesis one: The outdoor group will improve significantly on the backwards digit span 

task (in reaction time and accuracy) from pretest to posttest (with the 15-minute condition 



Comparison of Indoor and Outdoor Walks        17 

showing the most improvement), while the indoor conditions will show no significant 

differences. 

 Attentional Data Analyses 

 This hypothesis was explored by first analyzing the two aspects of the backwards 

digit span task (accuracy and reaction time). The accuracy was analyzed through two 

paired t-tests (after checking normal conditions). The first test analyzed the total number 

of sequences correct from the backwards digit span task in the trail condition. Because this 

was in a natural setting, we expected to see participants’ attention improving from pretest 

to posttest. This was supported, as the t-tests showed that the participants walking in the 

natural setting reported significantly (below alpha .05) more correct sequences on the 

backwards digit span task (t(19) = 2.790, p = .012) from the pretest (M=8.1, SD=2.511) to 

the posttest (M=9.25, SD=2.403). 



Figure 1: A boxplot comparison of the backwards

outdoors condition. 

 The second paired t-test analyzed the 

gym condition. The primary hypothesis was confirmed

significant improvement on the 

0.230) from the pretest (M=7.6, SD=2.113) to the posttest (M=8.20, SD=2.353).
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A boxplot comparison of the backwards digit span task scores in the pretest to the posttest in the 

test analyzed the backwards digit span accuracy in the 

The primary hypothesis was confirmed since the gym group did not show 

significant improvement on the accuracy aspect of the attentional task (t(19) = 

0.230) from the pretest (M=7.6, SD=2.113) to the posttest (M=8.20, SD=2.353).
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backwards digit span accuracy in the indoor 

gym group did not show 

attentional task (t(19) = -1.241, p = 

0.230) from the pretest (M=7.6, SD=2.113) to the posttest (M=8.20, SD=2.353). 



Figure 2: A boxplot comparing the backwards digit span 

in the indoor gym condition. 

 Next, the interaction of time, location, and attention scores were 

an ANOVA with one between and two within factors. 

that the 15-minute condition would have the most improvement in accuracy. 

interaction effect of time and location and pretest vs. posttest that was approaching 

significance F(1,36) = 3.398, p = 0.074

trend in the right direction. Figure 3 

indeed make the most attentional improvement, with the 
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he interaction of time, location, and attention scores were analyzed through 

an ANOVA with one between and two within factors. The primary hypothesis predicted 

minute condition would have the most improvement in accuracy. 

interaction effect of time and location and pretest vs. posttest that was approaching 

3.398, p = 0.074. So, the hypothesis partially confirmed, 

Figure 3 shows that the 15-minute outdoor condition did 

indeed make the most attentional improvement, with the 5-minute outdoor condition 
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attentional scores from pretest to posttest 
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The primary hypothesis predicted 
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confirmed, indicating a 

minute outdoor condition did 

minute outdoor condition 



coming in second. 

Figure 3: A trellis boxplot display showing that the 15

on accuracy from the backwards digit span pretest to posttest.

 The other way of analyzing the backwards digit span data was to look at 

participant’s reaction times. The hypothesis contended that the reaction times on 

backwards digit span task would improve in the outdoor condition, and stay the same in 

the indoor condition. This was explored through two paired t

nomality) and an ANOVA to analyze any interaction effects.

 There were no significant improvements in the gym condition for reaction time 

from pretest, which supports the hypothesis, but there were also no significant 
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improvements in the trail condition. When location was left out of the equation, however, 

the ANOVA indicated a significant difference over all between pretest reaction times and 

post test reaction times, F(1, 36) =  

interaction effect between the location, the time, and the pretest vs. posttest, F(

4.805, p = 0.035. These findings did not directly support the hypothesis, and are further 

addressed in the discussion section.

Figure 4: Trellis Boxplot graph showing the interaction of BDS reaction time by location and condition.
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improvements in the trail condition. When location was left out of the equation, however, 

ficant difference over all between pretest reaction times and 

post test reaction times, F(1, 36) =  112.122, p < 0.000. The ANOVA also revealed an 

interaction effect between the location, the time, and the pretest vs. posttest, F(

These findings did not directly support the hypothesis, and are further 

addressed in the discussion section. 

Trellis Boxplot graph showing the interaction of BDS reaction time by location and condition.
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Trellis Boxplot graph showing the interaction of BDS reaction time by location and condition.  
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PANAS Mood Data Analyses 

 The affective part of the hypothesis was analyzed in the same way as the attentional 

data (two paired-tests and an ANOVA). The PANAS data was sorted into the postitive facets, 

and the negative facets for analyses. Normality was confirmed for these parts of the data. 

 The first paired t-test examined the difference between the pretest and posttest 

scores of cumulitive positive emotions on the PANAS for the trail condition. The hypothesis 

was supported since the trail group showed signifant improvements in positive mood from 

the pretest (M= 27.85, SD=5.547) to the posttest (M=31.75, SD=7.174), t(19)= -2.537,  

p=0.020. 

 The second paired t-test investigated the difference between the pretest and 

posttest scores of cumulative positive emotions in the indoor gym condition. The “no 

difference” part of the hypothesis was not confirmed, because the gym condition also 

showed significant improvement, (t(19)= -2.616, p=.017), in positive mood from the 

pretest (M=31.4, SD=6.168) to the posttest (M=34.2, SD=5.435). 
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Boxplot comparison of negative emotions by location. 

Hypothesis two: The participants in the outdoor condition will have rated their walk as more 

refreshing on the debriefing sheet than those who were in the indoor condition

This hypothesis was tested through an independent samples t-test to see whether or 

not there were significant differences in between the two locations in refreshing ratings. 

ormal conditions did appear to be met. The t-test showed that there were no significant 

differences in refreshing ratings between the locations. In fact, the trail condition (

SD=1.552) had a slightly lower refreshing rating than the gym condition (M=7.75, 

not significant t(35.059) = 1.041, p=0.305. 
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Hypothesis three: There will be significant differences in “refreshing” ratings and PANAS 

ratings from day one to day two in the outdoor condition because of weather effects. 

 To investigate weather effects, independent t-tests were run on the only the outdoor 

data to highlight changes from the warm sunny day to the cold cloudy day (after a 

normality check). It seemed logical that the cold day would make people less refreshed or 

less happy. This hypothesis was not confirmed. In fact, in independent t-tests, the weather 

did not show a significant effect on positive mood, negative mood, backwards digit span 

accuracy, reaction times, or refreshing ratings (see appendix for further statistical 

clarification).                                                                                                                                                                                                                            

Discussion  

Hypothesis One 

 The first hypothesis, that the outdoor group who took a fifteen-minute walk would 

have the most improvement on the backwards digit span task as well as the PANAS data 

seemed to be mostly supported. For the backwards digit span task, the outdoor trail group 

did make significant improvements on total number of correct sequences overall. If the 

indoor gym condition had also made significant improvements, the results may have been 

due simply to practice effects. But, the tests show that the indoor condition did not improve 

with statistical significance.  In line with the hypothesis, this indicates an attentional 

improvement gleaned by the group in a natural setting that did not carry over to the gym 

group.  

 Another affirmation of the hypothesis comes from the ANOVA of the attentional 

data. There were interaction effects that approached significance in changes from pretest 

to posttest that differed by location and time. The trellis boxplot display (Figure 3) shows 
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that, as predicted, the attentional improvements were the most pronounced in the 15-

minute trail condition, with the 5-minute trail condition still making improvements. The 

gym conditions do not show much improvement, with the 15-minute condition actually 

showing a median decrease in attention. Of course, there is always the possibility of a type 

II statistical error since the sample size in each cell is relatively small (n = 5). However, 

these findings are in line with previous findings as well as with the hypothesis. 

 A different approach to analyzing the backwards digit span data is to look at the 

median reaction times from pretest to posttest. Although paired-t tests did not show 

significant differences between locations, an analysis of variance revealed a significant 

effect across conditions from pretest to posttest (F(1, 36) = 112.122, p < 0.000). The 

boxplot display (Figure 4) supports this finding, illustrating that in all conditions, reaction 

time improved.  Participants may have found the task easier the second time around 

because they knew what to expect (indicating possible practice effects).  

 Interestingly though, the boxplot display seems to highlight a similarity in the 5 

minute condition and the 15 minute condition, regardless of location. Both instances of a 

15-minute walk show a much larger spread of reaction times than in the 5-minte 

conditions. Individual participants may have more varied reactions to the longer walking 

and exercising time, that is, it may have been more helpful for some than others. 

Regardless, the reaction time data must be taken with a grain of salt since participants 

were not aware that they were being timed in their reactions. 

 The next segment of data that relates to hypothesis one is the PANAS mood data. A 

significant improvement in positive mood was evident in both the gym location and the 

trail location. Although the hypothesis suggested this outcome in the trail condition, it was 
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not expected in the gym condition as well. Exercise alone, regardless of indoors or 

outdoors, seems to be a key factor in improving mood. While practice effects may appear to 

be a factor here, it seems unlikely that participants would get “better” at rating their own 

emotions in the course of 25 minutes. It is worth noting that the measure here is positive 

emotions, and not a quantitative measure of reaction time or accuracy. These practice 

effects can be further dismissed as the reliability of the PANAS has been confirmed in the 

work of Clark, Telligen, and Watson (1988). Although possible lurking variables cannot be 

completely dismissed, these results do seem to indicate an increase in positive emotions 

with exercise. 

 The negative mood aspects of the PANAS were analyzed separately from the 

positive mood data. Although the changes were not statistically significant when analyzed 

in paired t-tests, the gym condition showed a trend towards reduced negative emotions. 

When further explored in an ANOVA, no significant effects were found. This finding does 

seem to go against the hypothesis that exercise in a natural setting would be more 

beneficial than exercise in a gym, but is only a trend. One possible explanation for this 

outcome is that there was complete and total silence in the gym. It is not often that we have 

five or fifteen minutes in our day to simply walk in complete silence and think about our 

days and or reflect on our emotions. Perhaps this complete silence and peace has more 

recuperating effects from negative emotions than being in an outdoor setting that gathers 

your involuntary attention. This explanation is speculative and could be further explored in 

future experiments. 
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Hypothesis Two 

 The second major hypothesis that was explored dealt with the “refreshing” ratings 

on the debriefing sheet. Through independent t-tests and analyses, the participant’s ratings 

of refreshment had no significant differences from location, and no significant interactions 

with time and location.  This does clash with previous findings in the literature (i.e. Nisbet 

& Zelenski, 2011). There are several possibilities for this outcome. Perhaps this difference 

is due to the way the debriefing sheet was constructed (since the refreshing rating question 

was the last item). It is possible that the time spent answering sociodemographic questions 

and reactions may have skewed their final rating of the refreshing effects of the walk. This 

could be tested by instead placing the “refreshing” rating question at the beginning of the 

form, but there are no guarantees that participants fill out every debriefing item in the 

order that they are listed. 

 Perhaps a more likely theory in addressing the lack of significance in refreshing 

rating stems from subject effects. Because participants were not aware of the two different 

locations (i.e. indoor versus outdoor), they may have assumed the experiment was purely 

focused on exercise. Perhaps this influenced participants to strive to provide “good results” 

in the gym condition, increasing their refreshing ratings. That is, they wanted to confirm 

their idea of the supposed hypothesis, so they rated their gym experience as refreshing. 

 Another possible consideration is, as previously mentioned, that the silence and 

meditation-like calm that existed in the empty gym could have been equally refreshing as a 

walk in a natural setting. Previous work done on the refreshment of walks did not have 

their control groups in a gym setting, but instead compared nature walks to walks 

downtown in traffic (Berman, Jonides, & Kaplan, 2008). Perhaps these control group 
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variations were the main cause of this discrepancy. More research could be done on 

multiple settings and how refreshing participants find them. 

Hypothesis Three 

 The final hypothesis explored potential weather effects in the outdoors condition 

from day one to day two of data collection. After exploratory analyses, no significant 

weather effects were found from the first outdoor collection day to the second outdoor 

collection. Although this result is consistent with previous studies (see Berman, Jonides, & 

Kaplan, 2008), the experimenters themselves had even complained about collecting data 

for so long in the cold on the second day. Perhaps this indicates that weather may have an 

effect on mood or refreshment if a person is forced to be in the cold for long periods of time 

without a break. No participant was outside for more than 30 minutes (and they were 

walking for 5 to 15 minutes of that time), so perhaps with the added body heat and the 

short time span, weather was not a significant factor. This study has complemented 

previous nature studies, but an interesting extension of this work would be to research if a 

person can be outside for too long (eventually causing negative reactions). 

Limitations 

 Although there were many significant findings in this study, there are a few 

drawbacks to keep in mind. First and foremost, the sample was chosen through 

convenience sampling, and as such, may reduce the external validity of the experiment. The 

participants were strongly skewed toward a Caucasian, Mennonite, Liberal Arts 

background, and were strictly college-aged. It may be that other populations would react 

differently to the manipulation. For example, a more elderly population may not enjoy 

walking for so long or may be more prone to weather effects based on their physical 
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fitness. Despite that, nature is universally available. It may be that the ways in which 

humans respond to nature is not affected by their socioeconomic status or ethnicity or age, 

but this would need to be confirmed through further research. Regardless, these external 

validity concerns are not enough to disregard the present findings. 

 Another limitation of this study was a technical glitch in data collection that caused 

75% of the data to be collected over the course of two days, and then 25% to be recorded in 

a later month. Fortunately, there do not appear to be major differences between the two 

sessions of data, but this does loosen the amount of control that is inherent in an 

experiment with tight temporal contiguity.  

 The other area in which controls could have been better, were the environments. 

The trail is a public space, so although each participant walked the same route for the same 

length of time, it is hard to say whether or not they encountered other people on the walk. 

Likewise, the gym is also used for college sports practices, and on a few occasions, there 

were people shooting around basketballs while participants were walking. These factors 

may not have had a significant impact on the final results, but they are worth noting. Future 

researchers could have participants clarify these potential influencing factors on a section 

in the debriefing sheet. 

Implications 

 Nature does seem to be an underutilized resource for everyday life. The results of 

this study indicate that a 15-minute walk in a natural setting is enough time to significantly 

improve attention span and increase positive mood. There is not a single person that would 

not benefit from a more positive mood and a sharper attention, but here we will focus on 
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the implications for schools, workplaces, treatment of depression, and environmental 

sustainability.  

 Many schools, under pressure to meet test standards, have begun to cut back on 

recess time, or even eliminate it all together. Up to 40% of U.S. schools have reduced or cut 

back on recess time (Paulson, 2010). As attention deficit disorder, depression, and obesity 

continue to loom over the younger generations, school officials need to understand and 

utilize natural breaks, such as recess, to help not only physical health, but also attention 

span and mood for better classroom performance. The benefits of a natural break should 

not just stay in elementary schools; high school and college aged students are also under 

immense pressure to perform on tests and homework. These environments constantly 

challenge student’s cognitive load, and could benefit from brief breaks outdoors to return 

to tasks cognitively refreshed with a more positive mood. 

 Workplaces could also increase productivity and positive affect from increased 

greenery or opportunities for natural encounters. Recall Felsten’s work, which suggests 

that looking out windows at nature, or even a painting of nature, also grants the restoration 

that is necessary for concentration (2009). Although direct natural contact is more 

beneficial, these seem to be simple ways in which employers can bolster the work 

environment. 

 Clinical Psychologists must also attend to the new research about natural settings 

and exercise. An article from the American Psychological Association encourages clinicians 

to incorporate exercise into treatment plans as it helps maintain mental health and combat 

depression in a comparable manner to anti-depressive drugs (Weir, 2011). Our present 
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study goes hand in hand with such research, demonstrating that exercise alone boosts 

mood, but only exercise in a natural setting contributes to additional attention restoration.  

 But being outdoors in natural settings has latent benefits that extend beyond our 

personal lives to more global issues. Environmental concerns are receiving more and more 

attention, and the major question that arises is, how do we motivate people to care and 

connect with the natural world? We spend so much time indoors in a heavily electronic-

based world that most people have few daily interactions in nature. Recent work suggests 

that contact in natural settings increases people’s connectedness to nature (Nisbet, 

Zelenski, & Murphy, 2011), which in turn fosters more environmentally responsible 

behavior (Nisbet & Zelenski, 2011). Perhaps the key to tackling environmental damage, 

then, is through more connectedness to nature to motivate sustainable practices. 

 Although all of these positive outcomes from exercise in natural settings are hopeful, 

they may be out of reach until we can combat inaccurate forecasting errors. People choose 

how to structure their free time based on how much they predict they will enjoy a 

particular activity. The trickiest part about getting people outside on a walk is that they 

consistently underestimate how much they will enjoy or benefit from the activity 

(DeYoung, 2010;Nisbet & Zelenski, 2011). Once we can either correct these prediction 

errors, or at least inform people about them, we can begin to orient people towards 

happier, healthier, more attentive, eco-friendly lives. 

Future Areas of Study 

 Further research could focus on methods to decrease forecasting errors, as well as 

increasing motivational factors for people to exercise outside. Another sensible area of 

future research would be to study how task-driven outdoor activities affect outcomes. 
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Often when people are outside, they are playing a game or gardening, so research focusing 

on task-oriented outdoors time would be a practical next step. Multiple populations also 

should be studied in natural settings to see if the results of this study hold true cross-

culturally and throughout all age groups. It may also be advantageous to explore further 

the mechanisms underlying the Attention Restoration Theory as well as the affective 

improvements stemming from natural settings. 

 Another important consideration for future research is varying the control group. 

This experiment compared walking indoors and outdoors, but what about sitting outdoors 

versus sitting indoors, without the factor of exercise? It would be useful to explore further 

variations of control groups since exercise itself may have confounded the mood results. 

Conclusion  

 The present study has highlighted the significant attentional and affective benefits 

of walking in a natural setting. A 15-minute break in an outdoor nature area seems to be 

effective in bolstered efficiency and attitude. This work complements the previous body of 

literature, suggesting that the natural world is an underutilized resource for cognitive and 

emotional fatigue, and should be integrated into many settings to increase attentional and 

emotional restoration. The only question left is, how will the general population fight their 

urge to stay indoors to, instead, accumulate the positive outcomes of natural settings? 
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Appendix 

R Commands 

Independent Samples t-test – Backwards Digit Span Task Form by Pretest Score 

> t.test(BDS.Pre~BDS.First, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  BDS.Pre by BDS.First  

t = 0.9596, df = 30.556, p-value = 0.3448 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.7886106  2.1886106  

sample estimates: 

mean in group A mean in group B  

            8.2             7.5  

Independent Samples t-test – Backwards Digit Span Task Form by Posttest Score 

> t.test(BDS.Post~BDS.First, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  BDS.Post by BDS.First  

t = 1.6801, df = 35.03, p-value = 0.1018 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.2603769  2.7603769  
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sample estimates: 

mean in group A mean in group B  

           9.35            8.10 

Independent Samples t-test: Negative Emotions Pretest Scores by PANAS Form 

> t.test(Negative.Cum.Pre~PANAS.First, alternative='two.sided',  

+   conf.level=.95, var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  Negative.Cum.Pre by PANAS.First  

t = 1.2859, df = 37.971, p-value = 0.2063 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.9764764  4.3764764  

sample estimates: 

mean in group A mean in group B  

           14.5            12.8  

Independent Samples t-test: Positive Emotions Pretest Scores by PANAS Form 

> t.test(Positve.Cum.Pre~PANAS.First, alternative='two.sided', conf.level=.95, 

+    var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  Positve.Cum.Pre by PANAS.First  

t = 1.7966, df = 37.971, p-value = 0.08035 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 
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 -0.424769  7.124769  

sample estimates: 

mean in group A mean in group B  

          31.30           27.95 

Paired t-test of BDS improvement within subjects in Trail Condition 

data:  BDSwithinsubjects$BDS.Pre and BDSwithinsubjects$BDS.Post  

t = -2.7902, df = 19, p-value = 0.01167 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -2.0126419 -0.2873581  

mean of the differences  

                  -1.15 

Figure 1: Boxplot R Command 

> boxplot(BDS.Score~BDS.Pre, ylab="BDS Score (Sequences Correct)", main="Trail BDS Pre 

vs. Post", data=BDS.Anova, col="Turquoise") 

Paired t-test for BDS improvement within subjects at Gym 

> t.test(BDSwithinsubjects$BDS.Pre, BDSwithinsubjects$BDS.Post,  alternative='two.sided', 

conf.level=.95, paired=TRUE) 

data:  BDSwithinsubjects$BDS.Pre and BDSwithinsubjects$BDS.Post  

t = -1.2412, df = 19, p-value = 0.2296 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -1.6117866  0.4117866  
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mean of the differences  

                   -0.6 

Figure 2 : Boxplot R Command for Differences in Gym BDS 

> boxplot(BDS.Score~BDS.Pre, ylab="BDS Score (Sequences Correct)", main="Gym BDS Pre 

vs. Post", data=bds.anova, col="Light Green") 

ANOVA for Backwards Digit Span Task 

>aov(BDS.Score~(Time*Location*BDS.Pre)+Error(Participant/(Time*Location))+(BDS.Pre

),BDS.Anova) 

Call: 

aov(formula = BDS.Score ~ (Time * Location * BDS.Pre) + Error(Participant/(Time *  

    Location)) + (BDS.Pre), data = BDS.Anova) 

Grand Mean: 8.2875  

Stratum 1: Participant 

Terms: 

                    Time Location Time:Location Residuals 

Sum of Squares   21.0125  12.0125        7.8125  314.0500 

Deg. of Freedom        1        1             1        36 

Residual standard error: 2.953576  

3 out of 6 effects not estimable 

Estimated effects may be unbalanced 

Stratum 2: Within 

Terms: 

                BDS.Pre Time:BDS.Pre Location:BDS.Pre Time:Location:BDS.Pre 
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Sum of Squares  15.3125       0.0125           1.5125                6.6125 

Deg. of Freedom       1            1                1                     1 

                Residuals 

Sum of Squares    70.0500 

Deg. of Freedom        36 

Residual standard error: 1.394931  

Estimated effects may be unbalanced 

>aov1=aov(BDS.Score~(Time*Location*BDS.Pre)+Error(Participant/(Time*Location))+(B

DS.Pre),BDS.Anova) 

> summary(aov1) 

Error: Participant 

              Df  Sum Sq Mean Sq F value Pr(>F) 

Time           1  21.012  21.012  2.4087 0.1294 

Location       1  12.012  12.012  1.3770 0.2483 

Time:Location  1   7.812   7.812  0.8956 0.3503 

Residuals     36 314.050   8.724                

Error: Within 

                      Df Sum Sq Mean Sq F value   Pr(>F)    

BDS.Pre                1 15.312  15.312  7.8694 0.008058 ** 

Time:BDS.Pre           1  0.012   0.012  0.0064 0.936562    

Location:BDS.Pre       1  1.513   1.513  0.7773 0.383816    

Time:Location:BDS.Pre  1  6.613   6.613  3.3983 0.073509 .  

Residuals             36 70.050   1.946                     
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Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Figure 3: Trellis Boxplot of Attentional Data 

> bwplot(BDS.Score~BDS.Pre|Time*Location,data=ANOVAS, main="Attention Scores (By 

Location and Time)", ylab="Backwards Digit Span Score (Sequences Correct)") 

Paired T-test for Trail Positive Mood Data 

> t.test(MoodData2$Positive.Cum.Pre, MoodData2$Postitive.Cum.Post,  

alternative='two.sided', conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  MoodData2$Positive.Cum.Pre and MoodData2$Postitive.Cum.Post  

t = -2.5373, df = 19, p-value = 0.02009 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -7.1171568 -0.6828432  

sample estimates: 

mean of the differences  

                   -3.9  

Paired-T test for Gym – Positive Mood Data 

> t.test(MoodGym$Positve.Cum.Pre, MoodGym$Positive.Cum.Post,  

+   alternative='two.sided', conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  MoodGym$Positve.Cum.Pre and MoodGym$Positive.Cum.Post  

t = -2.6164, df = 19, p-value = 0.01698 

alternative hypothesis: true difference in means is not equal to 0  
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95 percent confidence interval: 

 -5.0398909 -0.5601091  

sample estimates: 

mean of the differences  

                   -2.8 

Figure 4: Boxplot Comparison of Positive Mood Data 

> bwplot(Positive.Emotions.Cum~BDS.Pre|Location,data=ANOVAS, main="Positive 

Emotions by Location", ylab="Cumulative Positive Emotions") 

ANOVA for Positive Emotions 

>aov1=aov(Positive.Emotions.Cum~(Time*Location*BDS.Pre)+Error(Participant/(Time*L

ocation))+(BDS.Pre),ANOVAS) 

> summary(aov1) 

Error: Participant 

              Df  Sum Sq Mean Sq F value  Pr(>F)   

Time           1    2.45    2.45  0.0412 0.84030   

Location       1  180.00  180.00  3.0268 0.09045 . 

Time:Location  1   36.45   36.45  0.6129 0.43881   

Residuals     36 2140.90   59.47                   

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Error: Within 

                      Df Sum Sq Mean Sq F value   Pr(>F)     

BDS.Pre                1 224.45  224.45 13.0389 0.000922 *** 

Time:BDS.Pre           1  45.00   45.00  2.6142 0.114644     
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Location:BDS.Pre       1   6.05    6.05  0.3515 0.556994     

Time:Location:BDS.Pre  1   1.80    1.80  0.1046 0.748288     

Residuals             36 619.70   17.21                      

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

Trail Negative Pre vs. Post Paired t 

> t.test(MoodData2$Negative.Cum.Pre, MoodData2$Negative.Cum.Post,  

+   alternative='two.sided', conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  MoodData2$Negative.Cum.Pre and MoodData2$Negative.Cum.Post  

t = 1.4735, df = 19, p-value = 0.1570 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.4414367  2.5414367  

sample estimates: 

mean of the differences  

                   1.05 

Gym Negative Pre vs. Post paired-t 

> t.test(MoodGym$Negative.Cum.Pre, MoodGym$Negative.Cum.Post,  

+   alternative='two.sided', conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  MoodGym$Negative.Cum.Pre and MoodGym$Negative.Cum.Post  

t = 1.9306, df = 19, p-value = 0.0686 

alternative hypothesis: true difference in means is not equal to 0  
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95 percent confidence interval: 

 -0.1304328  3.2304328  

sample estimates:  

mean of the differences  

                   1.55  

ANOVA for Negative Emotions 

>aov1=aov(Negative.Emotions.Cum~(Time*Location*BDS.Pre)+Error(Participant/(Time*L

ocation))+(BDS.Pre),ANOVAS) 

> summary(aov1) 

Error: Participant 

              Df Sum Sq Mean Sq F value Pr(>F) 

Time           1  14.45   14.45  0.6751 0.4167 

Location       1  18.05   18.05  0.8433 0.3646 

Time:Location  1   5.00    5.00  0.2336 0.6318 

Residuals     36 770.50   21.40                

Error: Within 

                      Df  Sum Sq Mean Sq F value  Pr(>F)   

BDS.Pre                1  33.800  33.800  5.6674 0.02270 * 

Time:BDS.Pre           1   2.450   2.450  0.4108 0.52562   

Location:BDS.Pre       1   1.250   1.250  0.2096 0.64984   

Time:Location:BDS.Pre  1   1.800   1.800  0.3018 0.58614   

Residuals             36 214.700   5.964                   

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Figure 5 – Boxplot Comparison of Negative Emotions by Location 

> bwplot(Negative.Emotions.Cum~BDS.Pre|Location,data=ANOVAS, main="Negative 

Emotions by Location", ylab="Cumulative Negative Emotions") 

Gym Reaction Times paired-t-test: 

> t.test(MoodGym$Median.Pre, MoodGym$Median.Post, alternative='two.sided',  

conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  MoodGym$Median.Pre and MoodGym$Median.Post  

t = 1.5425, df = 19, p-value = 0.1394 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -162.0532 1070.1532  

sample estimates: 

mean of the differences  

                 454.05  

Trail Reaction Times – Paired T-test 

> t.test(completely$Median.Pre, completely$Median.Post,  

+   alternative='two.sided', conf.level=.95, paired=TRUE) 

 Paired t-test 

data:  completely$Median.Pre and completely$Median.Post  

t = 0.3057, df = 19, p-value = 0.7632 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 
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 -270.8548  363.5048  

sample estimates: 

mean of the differences  

                 46.325  

Median RT ANOVA output + Command 

>aov1=aov(Median.RT~(Time*Location*BDS.Pre)+Error(Participant/(Time*Location))+(B

DS.Pre),ANOVAS) 

> summary(aov1) 

Error: Participant 

              Df    Sum Sq   Mean Sq F value  Pr(>F)   

Time           1   7902445   7902445  2.3213 0.13635   

Location       1   2078352   2078352  0.6105 0.43971   

Time:Location  1  12319398  12319398  3.6187 0.06516 . 

Residuals     36 122555965   3404332                  

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Error: Within 

                      Df    Sum Sq   Mean Sq  F value    Pr(>F)     

BDS.Pre                1 103052325 103052325 112.1221 1.318e-12 *** 

Time:BDS.Pre           1   1274746   1274746   1.3869   0.24665     

Location:BDS.Pre       1   2210959   2210959   2.4055   0.12965     

Time:Location:BDS.Pre  1   4416355   4416355   4.8050   0.03493 *   

Residuals             36  33087896    919108                        

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  
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Figure 6: Trellis Boxplot – BDS Reaction Time by Location By Time 

> bwplot(Median.RT~BDS.Pre|Time*Location,data=ANOVAS, main="BDS Reaction Time 

(location by time)", ylab="Median Reaction Time (Milliseconds)") 

Independent Samples T-tests for PANAS Format Effects: 

> t.test(Negative.Cum.Pre~PANAS.First, alternative='two.sided',  

+   conf.level=.95, var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  Negative.Cum.Pre by PANAS.First  

t = 1.2859, df = 37.971, p-value = 0.2063 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.9764764  4.3764764  

sample estimates: 

mean in group A mean in group B  

           14.5            12.8  

> t.test(Positve.Cum.Pre~PANAS.First, alternative='two.sided', conf.level=.95, 

+    var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  Positve.Cum.Pre by PANAS.First  

t = 1.7966, df = 37.971, p-value = 0.08035 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.424769  7.124769  
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sample estimates: 

mean in group A mean in group B  

31.30           27.95  

Independent Sample t-tests for BDS Format Effects: 

> t.test(BDS.Pre~BDS.First, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  BDS.Pre by BDS.First  

t = 0.9596, df = 30.556, p-value = 0.3448 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.7886106  2.1886106  

sample estimates: 

mean in group A mean in group B  

            8.2             7.5  

> t.test(BDS.Post~BDS.First, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=complete) 

 Welch Two Sample t-test 

data:  BDS.Post by BDS.First  

t = 1.6801, df = 35.03, p-value = 0.1018 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.2603769  2.7603769  
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sample estimates: 

mean in group A mean in group B  

           9.35            8.10 

Weather Effects for Positive Mood Independent Samples 

> t.test(Positive.Cum.Post~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

Welch Two Sample t-test 

data:  Positive.Cum.Post by Day  

t = 1.371, df = 17.694, p-value = 0.1875 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -2.297407 10.897407  

sample estimates: 

mean in group cold mean in group nice  

              33.9               29.6 

Weather Effects for Negative Mood, Independent Samples 

> t.test(Negative.Cum.Post~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

 Welch Two Sample t-test 

data:  Negative.Cum.Post by Day  

t = -0.4149, df = 12.797, p-value = 0.6851 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 
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 -3.729079  2.529079  

sample estimates: 

mean in group cold mean in group nice  

              11.7               12.3  

Weather Effects for BDS Sequences Correct 

> t.test(BDS.Pre~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

Welch Two Sample t-test 

data:  BDS.Pre by Day  

t = -0.3479, df = 15.225, p-value = 0.7327 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -2.847753  2.047753  

sample estimates: 

mean in group cold mean in group nice  

               7.9                8.3  

> t.test(BDS.Post~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

Welch Two Sample t-test 

data:  BDS.Post by Day  

t = -1.6521, df = 17.128, p-value = 0.1167 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 
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 -3.8698119  0.4698119  

sample estimates: 

mean in group cold mean in group nice  

               8.4               10.1  

Weather Effects for BDS Reaction Time 

> t.test(Median.Pre~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

 

 Welch Two Sample t-test 

 

data:  Median.Pre by Day  

t = 0.8296, df = 12.981, p-value = 0.4218 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -392.8813  882.5813  

sample estimates: 

mean in group cold mean in group nice  

           4483.85            4239.00 

> t.test(Median.Post~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

Welch Two Sample t-test 

data:  Median.Post by Day  

t = 1.0493, df = 16.621, p-value = 0.3091 
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alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -365.0032 1084.8032  

sample estimates: 

mean in group cold mean in group nice  

           4495.05            4135.15  

Weather Effects for Refreshing Rating, Independent Samples 

> t.test(Refreshing~Day, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=hotcold) 

Welch Two Sample t-test 

data:  Refreshing by Day  

t = 0.1403, df = 13.726, p-value = 0.8904 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -1.431207  1.631207  

sample estimates: 

mean in group cold mean in group nice  

               7.8                7  

Refreshing Rating by Location – Independent Samples Test 

> t.test(Refreshing~Location, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=complete) 

Welch Two Sample t-test 

data:  Refreshing by Location  
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t = 1.0414, df = 35.059, p-value = 0.3048 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.4271573  1.3271573  

sample estimates: 

  mean in group GYM mean in group TRAIL  

               8.20                7.75 

Independent T-test for Refreshing by Time 

> t.test(Refreshing~Time, alternative='two.sided', conf.level=.95,  

+   var.equal=FALSE, data=Complete) 

Welch Two Sample t-test 

data:  Refreshing by Time  

t = 0.5729, df = 34.443, p-value = 0.5704 

alternative hypothesis: true difference in means is not equal to 0  

95 percent confidence interval: 

 -0.6363345  1.1363345  

sample estimates: 

   mean in group five mean in group fifteen  

                 8.10                  7.85  

> numSummary(Complete[,"Refreshing"], groups=Complete$Time,  

+   statistics=c("mean", "sd", "quantiles"), quantiles=c(0,.25,.5,.75,1)) 

        mean       sd 0%  25% 50% 75% 100%  n 

five    8.10 1.586124  4 7.75   8   9   10 20 
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fifteen 7.85 1.136708  6 7.00   8   9   10 20 

Refreshing ANOVA 

> summary(aov1) 

Error: Participant 

              Df  Sum Sq Mean Sq F value Pr(>F) 

Time           1   1.250   1.250  0.3256 0.5718 

Location       1   4.050   4.050  1.0550 0.3112 

Time:Location  1   2.450   2.450  0.6382 0.4296 

Residuals     36 138.200   3.839                

Error: Within 

                      Df     Sum Sq    Mean Sq F value Pr(>F) 

BDS.Pre                1 4.3690e-29 4.3690e-29  0.7080 0.4057 

Time:BDS.Pre           1 4.8910e-29 4.8910e-29  0.7927 0.3792 

Location:BDS.Pre       1 4.1650e-29 4.1650e-29  0.6750 0.4167 

Time:Location:BDS.Pre  1 2.8390e-29 2.8390e-29  0.4600 0.5020 

Residuals             36 2.2214e-27 6.1710e-29                

 


