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Chapter 1: Introduction 

A. Statement of Problem 

This research will develop, implement, and evaluate the effect of phenology-

based citizen science involvement on the feelings of emotional connection to 

nature in a group of teenagers at the Desert Botanical Garden (DBG) in 

Phoenix, Arizona.  

 

B. Statement of Sub-Problems 

Sub-Problem 1 The first sub-problem is to choose a citizen science 

program for teens at the Desert Botanical Garden that 

would address the needs of the Children’s Education 

Team to provide environmental education 

programming for a teen audience.  

Sub-Problem 2 The second sub-problem is to develop the procedures 

for developing and implementing of a year-long 

phenology program that fits within the goals outlined 

above. 

Sub-Problem 3 The third sub-problem is to develop a partnership with 

the National Phenology Network in order to foster a 

support network for the phenological data collected by 

the teens over the coming year.  

Sub-Problem 4 The fourth sub-problem is to develop a partnership 

with Cornell University’s citizen science research group, 
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and to adapt their "connection to nature" survey for the 

DBG audience. The survey will assess the change in 

emotional connection to nature and feelings of 

empowerment concerning environmental issues.  

Sub-Problem 5 The fifth sub-problem is to establish two control 

groups; one will participate in activities at the DBG on a 

semi-monthly basis but will not take part in the citizen 

science project, and the other will not be at the Garden 

or take part in citizen science.  

Sub-Problem 6 The sixth sub-problem is to distribute the survey in a 

pre- and post- fashion, and analyze and interpret the 

data collected.   

C. Hypothesis  

 I hypothesized that the hands-on, real-world nature of the 

phenological citizen science project would enhance both the emotional 

connection and feelings of empowerment in the group of teens participating 

in the program at the Desert Botanical Garden.  

D. The Importance of the Study 

The importance of this study is to (1) enhance the feeling of 

connection to nature, (2) empower teens to feel that they can make a 

difference to the environment, (3) assess the importance of citizen science as 

a means to promote feelings of connection to nature and citizen 

empowerment.  
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Recent research has highlighted the need to foster emotional 

connection to nature, as that is one of the major predictors of positive 

behaviors towards the natural word (Hungerford & Volk, 1990) (Lieflander 

A. K., Frohlich, Bogner, & Schultz, 2013) (Pooley & O'Connor, 2000) (Nisbet, 

Zelenski, & Murphy, 2009) (Schultz, Phychology of Sustainable Development, 

2002). However, there is very little research on the mechanisms for 

promoting emotional connection especially within the realm of 

environmental education programs (McKenzie-Mohr, 2014). This study 

investigates the ability of citizen science to foster feelings of emotional 

connection in a group of teenagers at the Desert Botanical Garden in Phoenix, 

Arizona. It further highlights the need for not only emotional connection 

tools but also means to promote empowerment as the combination of these 

two has been shown to be predictors of positive behavior towards the 

environment (Hungerford & Volk, 1990). 

The mission of the Desert Botanical Garden is to advance excellence in 

education, research, exhibition, and conservation of desert plants of the 

world. Their vision follows along these lines by stating their desire to be a 

premier center in the world for the display, study, and understanding of 

desert plants and their environments. Furthermore, the Garden strives to be 

a resource for helping people learn about the Sonoran Desert plants and 

desert plants of the world, so that they will conserve and protect the natural 

world for the benefit of future generations (www.dbg.org). From this we can 

read that the Garden’s Mission and Vision seem to fall along the lines of 

http://www.dbg.org/
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previous environmental educator’s incorrect assumptions that knowledge 

and information lead to behavioral change (i.e. people will learn about the 

desert and will then conserve and protect the natural world). We now know 

that this assumption should not be the basis for enhancing behavioral 

change; research like mine shows that it is in fact the formation and 

bolstering of an emotional connection to nature that will lead to positive 

behaviors towards the natural world. The Children’s Education Team at the 

Garden, however, is moving along the correct path, as their mission 

statement highlights their goal to help children make an emotional 

connection to nature through education programs at the Garden. The 

continued focus of many institutions, including the Desert Botanical Garden, 

highlights the need for more research into the importance of emotional 

connection as well as the mechanisms that we as environmental educators 

should be using to enhance those connections.  

 

E. The Limitations 

Limitation #1 The study will be limited to only students ages 14 - 18 

signed up for the Teens in the Garden program at the 

Desert Botanical Garden for the 2013-2014 school year.  

Limitation #2 The study will not be able to separate the impacts of the 

outdoor portion from the impacts of indoor activities, 

though both are based on the concept of citizen science.   
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Limitation #3 Both control groups have more subjects than the test 

group; the number of visits to the Garden for the control 

group participants is unpredictable. It is also impossible 

to predict what control or test students will follow 

through to the end of the year, thus being available for 

the second survey.  

Limitation #4 Due to the unpredictability of sickness and conflicts, not 

every student in the study group will necessarily attend 

the citizen science programs the same number of times.  

 

F. Definitions & Abbreviations 

o AAEC: Arizona Agribusiness and Equine Center (control treatment 

group) 

o Behavioral Change: The changes in one’s actions reflecting a lack of 

concern for the environment to more pro-environmental behaviors 

(Hungerford & Volk, 1990).  

o Citizen Science: Scientific research conducted by volunteer amateur or 

non-professional scientists through a coordinated, and often large-

scale, group effort.  These volunteers collect and/or process the data 

as part of a scientific enquiry (Silvertown, 2009).  
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o Connectedness to Nature: The emotions surrounding how much a 

person feels part or separate from nature and/or the environment 

(Schultz, 2002). 

o Desert Botanical Garden (DBG): One hundred and forty acre non-

profit botanical garden located in Phoenix, Arizona that highlights 

plants of the Sonoran Desert. The mission of the DBG focuses on 

enhancing excellence in education, research, exhibition, and 

conservation.  

o Emotional Affinity toward Nature: Emotion that develops through 

experiences with nature during childhood. (Muller, Kals, & Pansa, 

2009) 

o Empowerment (Self-efficacy): A construct that links individual 

strengths and competencies, natural helping systems, and proactive 

behaviors to matters of social policy and change (Zimmerman & 

Rappaport, 1988). 

o Nature Relatedness: A combination of one’s appreciation for and 

understand of our interconnectedness with all other living things on 

earth (Nisbet, Zelenski, & Murphy, 2009). 

o USA-NPN: USA National Phenology Network. The USA National 

Phenology Network serves science and society by promoting broad 

understanding of plant and animal phenology and its relationship 

with environmental change.  The Network is a consortium of 
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individuals and organizations that collect, share, and use phenology 

data, models, and related information (www.usanpn.org). 

o Phenology: the study of seasonal changes in the environment (e.g. 

leafing, fruiting, nesting, migrating) 

o TIG: Teens in the Garden (treatment group) 

o Zoo Teens: Teen program managed by the Phoenix Zoo (control 

group) 

 

G. Assumptions 

Assumption #1 Students will honestly respond to the pre and post 

surveys.  

Assumption #2 Students will participate in the Teens in the Garden 

program, and that will be their only citizen science 

experience during the experimental period (September 

- May 2013-14). 

Assumption #3 The first control group will spend time at the Desert 

Botanical Garden, but not participate in the TIG 

program; the second control group will spend no time 

at the Desert Botanical Garden and not participate in 

any citizen science programs.  

Assumption #4 No teacher, coordinator, or volunteer will describe the 

direction of the research to the students until after the 

experimental period.  
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Chapter 2: Review of Literature 

 

 This chapter reviews literature written by professionals in the fields 

of environmental education, environmental psychology, and citizen science. 

This review will provide evidence that supports the need to develop an 

emotional connection to nature as well as the importance of empowerment 

and the capability of citizen science to be a method with which to meet those 

needs.  

 

Knowledge does not lead to Behavioral Change: 

Behavioral change is the ultimate goal for many environmental 

educators, but researchers are still on the quest to determine what are the 

best predictors and promoters of people’s behavioral choices. Until the late 

80s, it had been a long-held belief in the field of environmental education 

that information leads to behavioral change. There were many initiatives 

relying on an information-intensive approaches based on the mistaken 

assumption that if people just knew more, they would thus care more, and 

would ultimately change their behavior (McKenzie-Mohr, 2014). However, 

over the past 25+ years, researchers in the field have proved this assumption 

to be unfounded (Hungerford & Volk, 1990).   

 

Nature Connectedness:  
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Environmental psychologists have studied what experiences or 

actions guide whether a person acts responsibly to the environment - moving 

beyond just gathering information about how to act responsibly. Using basic 

psychology to look at this question, researchers have found that it is emotion 

not logic that drives humans to behave in a majority of everyday situations 

(Maiteny, 2002; Pooley & O'Connor, 2000).  While researching methods to 

change behavior in adults through in-depth discussion groups and 

interviews, Maiteny found that “significant dimensions of an individual’s 

inner environment are unconscious, and experienced as yearning for a 

completeness and well-being” (Maiteny, 2002). By using self-administered 

surveys to adults asking them to rate their feelings about a series of 

environmental questions and situations, Pooley and O’Connor found that 

actions founded on direct experience are based on feelings while attitudes 

without direct experience are based on knowledge (Pooley & O'Connor, 

2000).  

Hungerford and Volk list the variables found in a person that might 

lead to behavioral change: environmental sensitivity, knowledge, investment 

(ownership), and skills (empowerment). These variables, or maybe a subset 

of these variables, may combine to create a citizen who behaves positively 

towards the environment.  The first of these – environmental sensitivity – 

can also be described as empathy towards the environment. If a person 

describes themselves and nature as being part of the same thing, then he can 

truly feel empathy, as hurting the environment is the same as hurting 
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themselves (Nisbet, Zelenski, & Murphy, 2009). Since this environmental 

sensitivity is seemingly the jumping off point towards environmentally 

responsible behavior, researchers started to look into the formation of these 

feelings in greater depth.  And so, research began into the study of nature 

connectedness - the extent to which an individual includes nature within 

his/her cognitive representation of self (Schultz, Phychology of Sustainable 

Development, 2002;  Nisbet, Zelenski, & Murphy, 2009).  

The difficulty of measuring people's feeling of emotional connection 

has led to several methods of surveying and testing both people's innate and 

acquired connections; the more advanced methods use the Implicity 

Assocations Test (IAT), which measures the degree to which people associate 

themselves with nature (Schultz, Shriver, Tabanico, & Khazian, 2004), but 

more descriptive techniques use self-reporting and surveys. Three of the 

most common methods (the New Environmental Paradigm Scale, the 

Environmental Motives Scale, and the Nature Relatedness Scale) all use 

surveys to get to the heart of a person’s connection to nature. The New 

Environmental Paradigm Scale measures tha individual differences in the 

extent to which people believe that humans are part of the environment or 

whether they are separate from it. The Environmental Motives Scale seeks to 

identify concerns rooted in a person’s values and has found that 

environmental concerns has three correlated factors: egoistic concerns 

(valuing self), altruistic concerns (valuing other people and future 

generations), and biospheric concerns (valuing nature) (Schultz, 2002).  The 
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Nature Relatedness Scale  was developed to build on the New Environmental 

Paradigm Scale, combining views about how humans interact with nature 

with people’s emotions when thinking about being in nature (Nisbet, 

Zelenski, & Murphy, 2009). Results from Implicit Assocatiations Test 

research, which focuses on whether our views about nature and our relation 

to it are fixed, has found that our emotions can be largely fixed, but has not 

investigated the degree to which this is true or whether these results are 

consistent across a number of demographic variables including age and 

socioeconomic background (Schultz & Tabanico, 2007) .  

If a person’s behavior towards the environment can be predicted by 

how much they feel connected to nature, the question now is: how can we 

promote that feeling of emotional connectedness? A few recent studies 

(Lieflander A. K., Frohlich, Bogner, & and Schultz, In Press) have shown the 

importance of “comprehensive environmental education” and “direct nature 

experiences” in promoting connectedness, suggesting that hands-on 

activities play an essential role in the most effective environmental education 

programming. While studying environmental education and attitudes, Pooley 

and O’Connor found that attitudes based on direct experiences are based on 

feelings while attitudes without direct experiences are based on knowledge  

(Pooley & O'Connor, 2000); humans, as highly emotional creatures, make 

connections between doing things and feeling things. This research 

investigated the importance of certain attitudes as precursors for behavior. It 

seems that attitudes, defined as a “psychological tendency that is expressed 
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by evaluating a particular entity with some degree of favor or disfavor,” 

which could be seen as part of how we define emotional connection to nature 

(part of that emotional connection is thinking favorably about nature) 

(Pooley & O'Connor, 2000).  

  

 Empowerment/Self-efficacy: 

People make decisions to act positively towards the environment if 

they possess self-efficacy or feel that they are capable of contributing to the 

global picture of environmental conservation. Researchers studying self-

efficacy in terms of environmentalism have defined it as the belief that an 

individual’s actions make a difference in overall environmental quality 

(Corbett, 2002). In other research, one’s conception of self and one’s 

willingness to changes behaviors towards the environment has been 

included in the definition of empowerment (Kieffer, 1984).  

Hungerford and Volk’s three levels of variables that lead towards 

environmentally responsible behaviors culminate with empowerment 

variables. As previously discussed, knowledge and information tends to be 

the focus of many environmental education programs, though research has 

shown that when empowerment stands as the cornerstone of training, it 

ultimately results in an intention to act (i.e. behavioral change) (Hungerford 

& Volk, 1990). When people believe they have the power to use citizenship 

strategies to help resolve issues, it has been defined as “perceived skill,” the 

first of the empowerment variables (Hungerford & Volk, 1990) (Sia, 
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Hungerford, & Tomera, 1986). Though the definition of “citizenship 

strategies” is not always clear in the research, the overarching idea is of 

hands-on, real-world applications that are often easily taught.  Hungerford 

and Volk’s second empowerment variables is that of “locus of control,” which 

is defined as an individual’s belief in being reinforced for a certain behavior. 

The final variable focuses on an individual’s “intention to act.” If a person 

intends to take an action, the chances of that action occurring are increased. 

Furthermore, if an individual tells another person, tells a wider group, or 

announces his intentions in writing, there is an ever greater chance for that 

action occurring (Schultz, 2014).  

Research into the development of empowered citizens has found that 

it is a long-term process of adult learning and development, though the 

reason to particularly highlight the need to be an adult is not fully articulated 

(Kieffer, 1984). After studying 15 leaders from various grassroots 

organization, Kieffer found that they all started with a sense of 

powerlessness, but had strong connections to the community; interestingly, 

all experienced tangible and direct threats to themselves or their community 

that provoked the initiation of what evolved to be an empowering response. 

These individuals then became more involved, gained a critical 

understanding of social and political relations, and worked within a group of 

supportive and enabling peers/leaders (Kieffer, 1984).  

  

 Citizen Science: 
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Citizen science is science conducted by a volunteer lay-person who 

collects and/or processes data (Silvertown, 2009). Scientists have realized in 

the past ten to fifteen years that the public represent a free source of labor, 

skills, computational power and even finance. They have also realized that to 

collect a large amount of data over a long time period, citizen scientists 

present the best option for doing so (Silvertown, 2009). The Cornell Lab of 

Ornithology and their Citizen Science Research Group have investigated the 

benefits of citizen involvement with many of their projects including Ebird 

and Project Nest Watch. Ecology research can be particularly difficult, as the 

best data lies across large geographic areas and on private lands, which 

would otherwise be impossible to sample extensively with more traditional 

research methods (Dickinson, Zuckerberg, & Bonter, 2010). Citizen science 

experiences are by definition ‘authentic science experiences’ – the volunteers 

are studying the same data, using the same tools, and possibly even 

contributing to the same scientific journals as the professionals do. When 

combined with environmental education, one of the obstacles that citizen 

science hopes to overcome is that of the disconnect between 

science/scientists and the general public, which can create uneasiness and 

misunderstandings on both sides (Raddick, et al., 2009).  

Participants who take part in a citizen science project have been 

shown to become deeply engaged in conducting science, although they may 

not even realize to what extent they are involved at first  (Bonney, 2009). 

Because citizen science is so wide-ranging in subject matter, geography, and 
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time frame, it is a very flexible way for non-scientists to be introduced to or 

to further a love for and interest in nature. It should be noted that there are 

types of citizen science projects – particularly those focusing on data analysis 

– where the participants do all of their volunteer work at a computer. So, if 

the goal is to connect people to nature, researchers and practitioners may 

need to focus on the outdoor, hands-on types of citizen science projects. As 

people see how their data connect management decisions or scientific 

publications, they see their place in nature in an even brighter light and with 

greater self-efficacy. Citizen science helps individuals see that their interests 

connect to science, and that learning science can enhance their enjoyment of 

their interests  (Bonney, 2009). 

Bonney refers to behavioral change as the “Holy Grail” for project 

impacts, but is is very difficult to study due to the myriad of variables and the 

time frame over which people’s behaviors could possibly change.  One of the 

problems is that people who take part in citizen science projects normally 

start with a higher than average interest in the environment, so may not 

show much difference in their already positive behavioral choices. However, 

it has been shown through anecdotal evidence that some people are taking 

the environment more into consideration when making purchases and 

others are taking a more active role in environmental politics (Bonney, 

2009).  

 Citizen Science Case Studies 
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One citizen science study that focused on the removal of invasive 

plants measured the participants likelyhood to change behaviors as a result 

of being involved in the project. 70% of the participants claimed their 

behavior had changed, though most of them reported those changes as being 

passive (talked to others about invasive plants or thought about them more 

often). Many reported that they did not take action because the project had 

not helped to change their feelings of empowerment relating to their ability 

to help with the invasive plant problem. The authors suggest that if one of the 

goals of citizen science is to elicit behavioral change, then conservation-

related citizen science projects should move beyond a focus on knowledge 

gain towards a more active learning  that inforce the participants’ beliefs that 

what they do matters (Jordan, Gray, Howe, Brooks, & Ehrenfeld, 2011). 

Similarly, in a study by Brossard, Lewenstein, and Bonney on the impacts of a 

citizen science bird nestbox project on the knowledge and attitudes within 

participants, only knowledge was increased – not translating to attitudinal 

change or behavioral change. Again researchers found that people who self-

selected to be part of the nestbox project were already highly concerned 

about the environment and conservation, so their potential for change is 

already smaller compared to that of the average person (Brossard, 

Lewenstein, & Bonney, 2005). Furthermore, most of the research into the 

involvement of people in citizen science research does not track those 

individuals over the longer term, so it is entirely unknown what the long-
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term knowledge or empowerment impacts of involvement with these 

projects might be.  
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Chapter 3: Methodology 

 

A. Treatment Groups 

This project used a quasi-experimental design with non-randomized 

control and experimental group sampling. The sample size was 41 students 

ranging in age from 14 – 18 years old who participated in the Teens in the 

Garden program (n=11), Arizona Agribusiness and Equine Center (AAEC) 

control group (N=13), and the Phoenix Zoo control group (n=17), during the 

2013-14 school year.  

The AAEC students attended two programs at the Desert Botanical 

Garden, helping first with the planting of wildflowers on the Wildflower Trail 

and then learning how to use binoculars to view birds, insects, and other 

animals. The AAEC students acted as the control for citizen science (i.e. they 

did not participate in citizen science as part of their school program). 

Students in the Zoo Teens program volunteered at the Phoenix Zoo by 

helping with education programs, doing outreach to the public, or working 

with animal care, working at least 40 hours over the course of the school 

year. The Zoo Teens acted as the control for visitation to the Desert Botanical 

Garden (i.e. they did not visit the DBG as part of the Zoo Teens program) and 

participation in citizen science (i.e. there was no citizen science in their Zoo 

Teen program). Since the AAEC students only visited the DBG twice, instead 

of the planned nine times, they were dropped as a control group.  



20 

 

 

B. Citizen Science Project 

Teens in the Garden was developed to continue the participation of 

children in the Garden’s education programs once they had become too old 

for other programs (summer camp, family classes, etc.). The Garden’s 

children’s education team’s goal is to promote a connection to nature with 

hands-on, place-based programming that fosters the development of 

environmentally-literate citizens.  The TIG program met that goal and 

provided the perfect testing ground to study whether involvement with 

citizen science promotes an emotional connection to nature and feelings of 

empowerment.  

Before the start of the program, interested teens filled out an online 

application detailing their interest in science and what they thought they 

could bring to the program. All of the 15 applicants were chosen to be part of 

the pilot year. The teens in the TIG program visited the Garden nine times 

(once a month from September 2013 - May 2014) for four hours each month. 

The teens met each month for a program that was made up of two parts – 

citizen science-based phenology data collection in the Garden and 

development of citizen science kits for high school classrooms. Phenology is 

the timing of season change in plants and animals (e.g. flowering, fruiting, 

migrating, etc.). The teens collected phenological data on four individuals of 

six species of Sonoran Desert plants (ocotillo – Fouquieria splendens, palo 

verde – Parkinsonia microphylla, saguaro – Carnegia gigantea, jojoba – 
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Simmondsia chinensis, creosote bush -  Larrea tridentate, and desert willow – 

Chilopsis linearis). The teens uploaded these data onto the online database for 

the National Phenology Network's Nature’s Notebook where scientists and 

lay people from around the world could access and analyze it. The students 

conceived of and developed citizen science kits for classrooms by first 

choosing a citizen science topic then developing or researching curricula and 

other supplementary materials for teachers to provide a lesson on citizen 

science to a high school class. The kits never reached total completion, 

though the students were able to present their work to a group of parents, 

teachers, and friends at the culmination of the year. Their phonological data 

collection, however, yielded over 2,000 data points added to the Nature’s 

Notebook database. 

 

C. Data Collection and Surveys 

All the students were given a pre-treatment written survey as an 

initial observation followed by a post-treatment survey (modified only by 

changing the order of the questions). Data for this research project consisted 

of responses collected and compiled from the 27 question pre- and post- 

program survey (see Appendix A) given to participants in the Teens in the 

Garden program at the Desert Botanical Garden and the two control groups; 

the survey addressed both the emotional connection to nature and feelings of 

self-efficacy experienced by the participants and two control groups.   
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The survey, originally developed by the Cornell University’s Citizen 

Science Research Group, was used with their permission. When participants 

were given the survey post-treatment, the questions were put in a different 

order from when they had received it pre-treatment, which were the only 

changes made to the original survey. Cornell developed the survey using 

Nisbet, Selenski, and Murphy’s Nature Relatedness Scale as a template 

(Nisbet, Zelenski, & Murphy, 2009), rewording the questions for a younger 

audience, as they had originally been written for adults. This survey is the 

only one of its kind that is specifically tailored to children. Cornell uses these 

survey questions when assessing the effects of their citizen science programs 

on nature relatedness (i.e. feelings of emotional connection and self-efficacy) 

(unpublished data). The survey was composed of 27 questions – 20 

addressing nature relatedness and 7 addressing self-efficacy. Participants 

were given the survey and asked to rate the extent to which they agreed with 

each statement using a 5 level Likert scale ranging from ‘strongly disagree’ to 

‘strongly agree.’  

 

D. Statistical Analysis 

 I calculated the average response score of the 20 nature relatedness 

questions and the 7 self-efficacy questions. I then calculated each individual's 

change in these scores between the pre and post survey by subtracting the 

first survey score from the second survey score. I tested whether the 

assumptions of normality and equal variances were violated using Shapiro-
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Wilk and Levene's tests, respectively. Using two-way ANOVAs, I tested 

whether the change in nature relatedness and self-efficacy were affected by 

the treatment group (source) and the gender of the individual. All analyses 

were conducted using SPSS version 20 with an alpha of 0.05. 

 

E. Projected Treatment of Each Sub-Problem 

 

Sub-Problem 1: The first sub-problem is to choose a citizen science program 

for teens at the Desert Botanical Garden that would address the needs of 

Children’s Education Team to provide environmental education 

programming for a teen audience.  

June-July 2013 

 I researched several citizen science data collection techniques that would be 

applicable to the mission, vision, and location of the Desert Botanical Garden. 

Since the Garden’s mission focuses on desert plants, I looked at several 

citizen science projects that focused on plants (e.g., Project Bud Burst, The 

Great Sunflower Project), but determined that the National Phenology 

Network’s use of phenology, particularly that of the southwest (USA-NPN is 

located in Tucson, Arizona) was the best fit due to their inclusion of desert 

species in their database.    

 I worked with the Desert Botanical Garden’s Research Department to choose 

six plants from the National Phenology Network's plant database and their 

corresponding data collection techniques. We started with a large list that 
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included iconic Sonoran Desert plants, plants of conservation concern, 

invasive species, and plants of research interest. I chose six species that 

included representatives from cactus, tree, and bush that all had phenologies 

that would give the students varied data throughout the year (i.e. didn’t just 

flower in the summer) to show the teens diversity and to keep them 

interested.  

Late-July 2013 

 I chose four individuals of the six species throughout the Desert Botanical 

Garden, marked them on a map, practiced data collection, and practiced data 

entry onto the National Phenology Network's website. I chose the specific 

plants for their ease of observation and their distance from a Garden building 

(close proximity to a building can affect the phenology of a plant). I used the 

National Phenology Networks’ data sheets and phenological definitions for 

each plant’s phenophase (an observable phase/stage in the annual life cycle 

of a plant/animal) to create laminated guides for the teens to use while 

observing the plants. I collected the data myself, practiced teaching the 

observation techniques to several colleagues, and entered the data online to 

make sure I could instruct the teens on all these aspects.  

 

Sub-Problem 2: The second sub-problem is to develop the procedures for 

developing and implementing of a year-long phenology program that fits 

within the goals outlined above. 

May 2013 - May 2014 
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 I worked with the Formal Science Education Coordinator and the Children’s 

Education Manager to develop the goals for the project and the timeline for 

completion.  

o We wanted to foster connection to nature and feelings of 

empowerment in the teens, as part of the Children’s Team mission. I 

wanted to evaluate whether the program helped to foster both of 

these areas, particularly focusing on the importance of citizen science 

as the mechanism to do so.   

o We developed two components: one of phenology and data collection, 

the other of the TIGs' task to develop and implement citizen science-

based kits for high school classrooms that would contain curriculum 

and accompanying materials for project-based learning.  

September 2013 

 I administered the pre-treatment survey to the TIG  group.  

 

Sub-Problem 3: The third sub-problem is to develop a partnership with the 

National Phenology Network in order to foster a support network for the 

phenological data collected by the teens over the coming year.  

 

August 2013 

 I contacted NPN for advice, guidance, and partnership in introducing 

phenology and its importance when addressing real-world trends like 



26 

 

geographical range shift in pollinators and impacts of climate change to the 

TIG participants.  

October 2013 

 I invited the Education Coordinator for NPN to present the real-world 

implications for phenology to the teens. Our goal was to have the teens see 

the potential impact of their data on issues like habitat management, land 

conservation, invasive species concerns, and climate change.  

 

Sub-Problem 4: The fourth sub-problem is to develop a partnership with 

Cornell University’s Citizen Science Research Group, and to adapt their 

"connection to nature" survey for the DBG audience. The survey will assess 

the change in emotional connection to nature and feelings of empowerment 

concerning environmental issues. 

April 2013 

 I contacted Cornell University Citizen Science Research Group, asking for 

advice on the survey including question order and inclusion of self-efficacy 

questions as well as data analysis techniques 

May 2013 

 I received several versions and supporting scientific articles of surveys to 

address changes in emotional connection to nature from the Citizen Science 

Research Group.   

June 2013 
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 I modified the surveys, making them part of the TIG program. I continued my 

correspondence with Cornell to address research and statistical methods.  

 

Sub-Problem 5: The fifth sub-problem is to establish two control groups; one 

will participate in activities at the DBG on a semi-monthly basis but will not 

take part in the citizen science project, and the other will not be at the 

Garden or take part in citizen science.  

August 2013 

 I contacted the Phoenix Zoo to establish whether they have a group of teens 

that could be one of the two control groups (no citizen science and no DBG).  

 I set up a meeting with the teacher from AAEC who wanted to bring his 

students to the DBG to work with the Horticulture Department. We agreed 

that they could be part of the project by taking the survey on their first visit 

to the Garden. This group will be the other control (no citizen science, but 

does have repeated visits to the DBG).  

September 2013 

 I administered the pre-treatment surveys to both control groups.  

 

Sub-Problem 6: The sixth sub-problem is to distribute the survey in a pre- 

and post- fashion, and analyze and interpret the data collected.     

September 2013 

 I collected and entered the pre-treatment data for all treatment groups.  
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o Each of the 27 survey questions was entered individually to be able to 

match pre and post answers to each student.  

o For the negatively-worded questions, I made sure to reverse the 

scores in preparation for data analysis.  

May 2014 

 I administered the post-treatment survey to the treatment and control 

groups 

 I collected and entered the post-treatment data for all treatment groups 

o Again, each of the 27 questions were entered individually – matching 

the answers from the pre-treatment to those of the post-treatment 

o The negatively-worded question’s scores were once again reversed in 

preparation for data analysis.  

o I added the variables of program (TIG or Zoo Teen) and gender (male 

or female) to the data set 

o I calculated the average response score of the 20 nature relatedness 

questions and the 7 self-efficacy questions. I then calculated each 

individual's change in these scores between the pre and post survey 

by subtracting the first survey score from the second survey score. I 

tested whether the assumptions of normality and equal variances 

were violated using Shapiro-Wilk and Levene's tests, respectively. 

Using two-way ANOVAs, I tested whether the change in nature 

relatedness and self-efficacy were affected by the treatment group 
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(source) and the gender of the individual. All analyses were conducted 

using SPSS version 20 with an alpha of 0.05. 
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Chapter 4: Results 

Nature Relatedness 

The pre-treatment nature relatedness scores were similar between the 

Garden and the Zoo teen groups (t26 = -1.37, P = 0.18). The change in nature 

relatedness score was not affected by the gender of the participants (F1,24 = 

1.22, P = 0.28; Fig. 1), nor by the two way interaction between gender and 

treatment group (F1,24 = 1.58, P = 0.22; Fig. 1). However, the change in nature 

relatedness score was significantly greater in the Desert Botanical Garden 

TIG group compared to the Phoenix Zoo Teens group (F1,24 = 7.60, P = 0.011; ; 

Fig. 2).  

 

Empowerment (Self-efficacy) 

The pre-treatment empowerment scores were similar between the Garden 

and the Zoo teen groups (t26 = -0.32, P = 0.75). The change in empowerment 

score was not affected by), the gender of the participant (F1,24 = 0.25, P = 

0.62; Fig. 3), the treatment group (F1,24 = 1.09, P = 0.31; Fig. 4), or the 

interaction between these two factors (F1,24 = 0.40, P = 0.54; Fig. 3). 
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Figure 1. The change in nature relatedness score (post-survey score - pre-

survey score) did not differ between male and female participants from 

either the Garden (TIG) or Zoo (Zoo Teens). Data shown are means (± sem).  
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Figure 2. The change in nature relatedness score (post-survey score - pre-

survey score) of participants who completed the Desert Botanical Garden's 

Teens in the Garden (TIG) program was significantly greater than 

participants who completed the Phoenix Zoo Teens program. Data shown are 

means (± sem).  
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Figure 3. The change in empowerment score (post-survey score - pre-survey 

score) did not differ between male and female participants from either the 

Garden (TIG) or Zoo (Zoo Teens). Data shown are means (± sem). 
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Figure 4. The change in empowerment score (post-survey score - pre-survey 

score) did not differ between participants from either the Garden (TIG) or 

Zoo (Zoo Teens). Data shown are means (± sem). 
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Chapter 5: Discussion 

 

 Environmental educators and those studying the importance and impacts of 

environmental education know that people with strong feelings of emotional 

connection to nature tend to be those who act positively towards the environment; 

when you increase a person’s emotional connection, you increase their likelihood of 

changing their behaviors towards the environment (Lieflander A. K., Frohlich, 

Bogner, & Schultz, 2013). Additionally, it has been suggested, though it still remains 

unproven, that promotion of empowerment can further improve the chances of 

changing one’s behavior towards the environment (Hungerford & Volk, 1990). 

Though these assertions are now widely accepted in the field, it is still unclear what 

mechanism(s) might be the best to promote these feelings of connection and 

empowerment. Research following on from that of Hungerford and Volk revealed 

that there are four categories of variables that correlate as predictors of 

environmentally responsible behavior; these categories are: personality factors (e.g. 

perception of environmental responsibility, sensitivity, and empowerment), 

cognitive factors (knowledge and skills), and demographic factors (e.g. age, gender, 

parent education level) (Erdogan, Ok, & Marcinkowski, 2012). Citizen science, with 

its emphasis of hands-on, real-world data collection by laypeople working alongside 

professional scientists, presents itself as a good candidate to promote both 

connection to nature and empowerment of the individual to make a difference 

towards the environment. Until now, the potential impacts of involvement with 

citizen science have not been tested.  
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 To test these impacts, I developed the Teens in the Garden (TIG) citizen 

science program at the Desert Botanical Garden in Phoenix, Arizona. As part of this 

project, teens collected phenological data once a month for nine months – uploading 

their data to the National Phenology Network’s site. To control for participation in 

the citizen science program, I set up a control group of volunteer teens at the 

neighboring Phoenix Zoo. Both groups were given a Likert scale survey before and 

after the TIG program, which identified any changes in both feelings of emotional 

connection and empowerment.  

 The results of the surveys showed that the Teens in the Garden citizen 

science research project increased feelings of emotional connection; because I had 

controlled for involvement with a citizen science project, the change could be 

attributed to citizen science. Interestingly, I found that gender was not a factor when 

analyzing the change in emotional connection. Several other studies have found that 

females are more likely to not only start with a stronger connection to nature than 

males, but also that they are more likely to positively change their behaviors 

towards the environment (Schultz & Tabanico, Self, identity, and the natural 

environment: exploring implicit connections with nature, 2007). In this study, 

however, gender neither determined the starting point for a participant or their 

change in emotional connection. Other research has suggested that it is difficult or 

impossible to improve feelings of emotional connection after the age of 11, but all of 

our participants were between 14 and 18 years old and I did find statistically 

significant change in emotion (Lieflander A. K., Frohlich, Bogner, & Schultz, 2013) 

(Chawla, 1988). It may be that over a certain age it is difficult to sustain those 
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changes, which is one of the unknown factors for my particular study (we were not 

able follow-up with the students after the program was completed). It could also be 

that citizen science is  somewhat unique in its ability to enhance feelings of 

emotional connection for children over age 11, since that mechanism was not part of 

the other studies. 

 Feelings of empowerment were not increased due to the participants’ 

involvement with citizen science through the Teens in the Garden program. There 

could be several limiting factors for these findings including small sample size, 

fewer questions in the survey about empowerment, the self-selected nature of the 

participants, the likely homogeneous socio-economic background of the teens, or 

the possible high starting point for empowerment. The Garden teens were all 

recruited through word-of-mouth marketing using lists of teens who had already 

been involved with volunteering at the Desert Botanical Garden in the past; this 

suggests that they were teens who already had strong feelings of empowerment 

towards the environment (they thought they could make a difference by 

volunteering at the Garden), which would be a similar finding to many other citizen 

science projects that attract participants who are already engaged and invested in 

caring about the environment (Brossard, Lewenstein, & Bonney, 2005). Both the 

Garden and Zoo teens started with a similar level of empowerment; it would be 

reasonable to argue that these teens all exhibited a higher level of empowerment 

compared to the general public because of their backgrounds, though we were not 

able to specifically test that in this study. Because the teens all had the time to 

devote to this volunteer project and could all afford the $50 participation fee, it 
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seems likely that they are probably all from a relatively high socio-economic 

background – another factor to suggest already heightened feelings of 

empowerment.  

Next Steps for Research 

 There is still so much that we don’t know when trying to determine how to 

promote emotion connection and empowerment, and this is especially true with in 

children. We need more studies on the importance of age – how sure are we that 

you cannot promote emotional connection over the age of 11 or that that connection 

cannot be sustained? What could those findings mean for the direction of 

environmental education programs for teens and adults? Since I didn’t find any 

effect of gender on emotional change, how sure are we that gender makes a 

difference and would that alter how we teach to boys vs. girls? It seems that, as 

environmental educators, we could make a more pronounced change in people of 

lower socio-economic backgrounds, as they probably haven’t spent as much time 

outside connecting to nature of their own accord. Does this translate to racial 

background as well, since people from lower socio-economic background tend to be 

of a more diverse racial makeup than those from higher? For both socio-economic 

and racial background, there is no research to suggest something in a definitive way, 

though anecdotally we might think otherwise.  

 Environmental educators need to know what audience to target, what 

aspects of environmental education to focus on in their programs, but – maybe most 

importantly – what is the best programmatic mechanism for promoting both 

emotional connection and feelings of empowerment. There are several papers that 
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test participants before and after a program on their feelings of emotional 

connection, but the programs cannot easily be put into any one category (zoo visit, 

general environmental education program, etc.) (Schultz & Tabanico, 2007) 

(Lieflander A. K., Frohlich, Bogner, & Schultz, 2013). What is it about certain 

programs that make a difference to connection and empowerment? If we can tease 

out the most important mechanisms, we can create a formula to incorporate into all 

environmental education programs for the future.  

 There can definitely be more research done into the potential effects of 

citizen science on emotional connection and empowerment in children of all 

different ages, races, and socio-economic background, as there are many citizen 

science programs across the world that work with children (e.g., Canadian Wildlife 

Federation, Ecology Project, Cornell Lab of Ornithology). Many of these projects are 

long term, with potential to track the potential effects long after someone has moved 

on from a project. The problem is the ability to evaluate these programs in a similar 

manner, using similar tools, and asking similar questions.  

 If our goal as environmental educators is to enhance feelings of emotional 

connection and empowerment, how should we design our programs or change 

programs that already exist? We need to know whether we should focus on 

attracting diversity or a large sample size and whether we should use citizen 

science, nature play, or any number of other programs to reach our goals.  
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Appendix A 

                                      

 Teens in the Garden Pre-program Survey 

 

For each of the following, please rate the extent to which you agree with each 
statement by placing an X in the appropriate column.  Please respond as you 
really feel, rather than how you think “most people” feel.    
 

 

' I
"' 

DESERT 
BOT CAL 

. g~n 

Choose one answer on each line. 

1. My relationship to nat ure is an important part of who I am. 

2. I feel very connected to all living t hings and t he earth. 

3. I am not separate from nature, but a part of nat ure. 

4. I feel confident in my ability to help prot ect the planet . 

5. I always t hink about how my actions affect the environment. 

6. I am very aware of environment al issues. 

7. I t hink a lot about the well-being of animals. 

8. I am capable of making a posit ive impact on the environment. 

9. Even in the middle of a city, I not ice nature around me. 

10. My feelings about nature do not affect how I live my life in t he least bit . 

11. We humans have t he right to use nat ural resources (like plants, animals, 

land, and water) any way we want. 

12. Conservation is unnecessary because nature is strong enough to recover 

from any human impact. 

13. I am able to help t ake care of nature. 

14. Non-human animals should be respected as much as humans. 

strongly strongly 
Disagree Agree 

1 2 3 4 5 
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Appendix C 

Abstract 

Since the realization in the mid-1980s that knowledge in and of itself does 

not lead to pro-environmental behavioral change, emotional connection to nature 

and strong feelings of empowerment have been shown to be driving forces in the 

creation of environmentally-minded citizens who act with the best interests of 

nature and the environment at heart. The best mechanisms for fostering and 

enhancing both emotional connection and feelings of empowerment are largely 

unknown, though several studies have suggested hands-on, real-world programs in 

environmental education might have the answer. Through a study of teenagers 

engaging in a phenological citizen science project at the Desert Botanical Garden in 

Phoenix, Arizona, I was able to show that programs such as this can increase 

feelings of emotional connection to nature, though not necessarily feelings of 

empowerment as well. In the program, 11 teenagers collected citizen science plant 

data each month for nine months, spending at least two hours outside, closely 

observing six desert species. They were given a pre and post survey, with a Likert 

scale, that tested both their emotional connection to nature and feelings of 

empowerment. This small study suggests the ability of citizen science projects to 

promote these two important factors in creating and sustaining environmentally-

minded citizens. However, there does need to be more work done to address 

questions regarding what factors a particular an environmental education program 

has to drive these changes and what role age, gender, or socioeconomic background 

might play in the effectiveness of these programs.  


