
 

 

AN ABSTRACT OF THE THESIS OF 

 
Katherine Ann Williams for the degree of Master of Science in Forest Ecosystems and Society 

presented on March 22nd, 2017. 

 

Title:  Evaluating the Impacts of a Classroom-based Citizen Science Project on Nature 

Connectedness, Science Identity, and Knowledge of Curricular Material.  

 

 

 

Abstract approved: ______________________________________________________ 

Troy E. Hall  

 

 

Environmental education programs seek to foster an appreciation for the natural world 

while introducing students to scientific thinking. Citizen science engages non-scientists in 

the systematic collection and analysis of data. The Betts Forest Landscape Ecology Lab 

combines both goals by inviting teachers in Corvallis, Oregon, and surrounding areas to 

participate in a classroom-based citizen science project with their students. Middle and 

high school students learn about hummingbird identification, the utility and necessity of 

pollinators, and hummingbird sighting data collection. This evaluative research aimed to 

answer this question: what is the impact of this program on students’ knowledge of 

hummingbirds, students’ science identity, and their connectedness to nature? Quantitative 

pre- and post-test questionnaires (n = 367) assessed the impacts of the program on these 

constructs. Following the project, qualitative interviews were conducted with 

participating teachers to elicit feedback to improve the project in future years. Results 

indicate that, while the project had a modest impact on students’ knowledge of 

hummingbirds, no impact on connectedness to nature, and a slightly negative impact on 

science identity, students felt motivated by the citizen science component of the project. 



 

 

Future implementations of the Hummingbird Project should connect students to scientists 

to maintain engagement in the data collection process.  
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Introduction  

Study rationale  

Environmental concerns worldwide have led to increased educational, political, and 

regulatory attempts to address environmental issues. The growing strain on natural resources 

from climate change and population growth necessitates the need for environmentally 

responsible behaviors, conserving natural resources, and protecting wildlife habitat.  

In response to this need, environmental education programs have been developed to 

educate citizens about the natural world, connect them to nature, and demystify science. It is 

imperative to evaluate these programs; as Monroe (2010) asserts, “the goal and purpose for most 

environmental education evaluation is to make judgments about the value and worth of the 

program to decide how to improve, market, expand, or change it” (p. 194). Without evaluation, 

we cannot truly understand the effects of our interventions and cannot adapt these interventions 

to be more successful at achieving their intended goals.  

Literature in conservation psychology suggests that the pervasiveness of environmental 

issues today requires extensive interventions, stating the need for a shift in cultural perspectives 

that can serve to reconnect humans to nature (Mayer & Frantz, 2004). In order to address 

environmental concerns and understand human perspectives toward the natural world, 

researchers have identified several key factors that influence attitudes and behaviors toward the 

environment. Without evaluation, we cannot determine if our interventions are effective.  

Specifically, environmental education research has identified that personality, attitudes, 

environmental knowledge, interactions with natural areas, and feeling connected to nature are 

associated with environmentally responsible behavior (Bamberg & Möser, 2007; Nisbet, 
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Zelenski, & Murphy, 2008; Sia, Hungerford, & Tomera, 1986). Among these factors, positive 

childhood experiences with nature appear to form the foundation of later feelings of connection 

to nature, which can lead to environmentally responsible behaviors (Chawla & Cushing, 2007; 

Wells & Lekies, 2006). Research by Wells and Lekies (2006) established that childhood 

experiences in nature in both urban and wild settings contribute to environmental attitudes as 

well as environmentally responsible behaviors in adulthood. Thus, having effective programs 

that expose children to the natural world and evoke feelings of connection to nature is essential.  

Beyond their impact on environmental attitudes and beliefs, research has shown that 

positive experiences in nature or with science, as well as encouragement and support from 

parents, teachers, and mentors, influence children to pursue careers in conservation or the 

sciences (Aschbacher, Li, & Roth, 2009; Ernst & Theimer, 2011). To address environmental 

problems, there is an urgent need to create effective activities to connect youth to nature and 

science (Rickinson, 2001).  

While environmental education programs are important for environmental attitudes and 

science engagement, there are questions about the most effective practices and the mechanisms 

by which they influence students. Leiflӓnder, Fröhlich, Bogner, and Schultz (2013) contended 

that environmental education programs should focus on improving connectedness to nature, 

rather than emphasizing only environmental knowledge, to achieve a sustainable society. They 

advised “blending positive informal, affective experiences in nature with formal, cognitive 

environmental knowledge to promote greater connectedness” (p. 11).  

One opportunity for providing formal and informal environmental education is found in 

outreach efforts associated with scientific research. As part of the broad response to 

environmental issues worldwide, the National Science Foundation (NSF) in the United States 
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requires all grant proposals to include “broader impacts” activities. Proposals must explain “the 

potential of the proposed activity – beyond the research, per se – to benefit the Nation” (National 

Academies, 2010). NSF provides a list of questions aimed at further explaining the broader 

impacts criterion:  

“How well does the activity advance discovery and understanding while 

promoting teaching, training, and learning? How well does the proposed 

activity broaden the participation of underrepresented groups (e.g., gender, 

ethnicity, disability, geographic, etc.)? To what extent will it enhance the 

infrastructure for research and education, such as facilities, instrumentation, 

networks, and partnerships? Will the results be disseminated broadly to 

enhance scientific and technological understanding? What may be the benefits 

of the proposed activity to society?” (National Science Foundation, 2014).  

In accord with these requirements, many researchers use the broader impact requirement 

to advance discovery and promote teaching, training, and learning – to share their research with 

their communities, or to create tools that can be used to the benefit of society.  

The Betts Landscape Ecology Lab at Oregon State University recognizes the necessity 

for engaging children in science and research. To accomplish this, as part of the NSF broader 

impacts requirement, the Betts Lab partnered with the Oregon Natural Resources Education 

Program to develop curricula that introduce middle and high school students in the Willamette 

Valley in Oregon to hummingbirds, pollinators, and data collection.. These students participate 

in a classroom-based environmental education program in which students act as “citizen 

scientists.” The data the students collect help monitor hummingbird populations in Oregon. The 

Hummingbird Project (discussed below) is comprised of multiple components. Students are 
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provided with exposure to the natural world through monitoring hummingbird activity, while 

also learning about hummingbirds and pollinators, data collection, and data analysis. My 

research evaluates the Hummingbird Project, with the aim to determine if these components 

achieve the blending of experiences recommended by Leiflӓnder et al. (2013) to enhance nature 

connectedness. This program has broad goals and specific protocols, but, to date, there are no 

learning outcomes, and the effect of the project has not been formally evaluated.  

The purpose of this research is to evaluate the efficacy of the Betts Landscape Ecology 

Lab’s broader impacts program’s efforts to connect youth to nature and science, and to provide 

meaningful evaluation and feedback for future improvement.  Pre- and post-project surveys were 

administered to students in several classes. These surveys measured changes in students’ 

objective knowledge of hummingbirds and pollinators, changes in their connectedness to nature, 

and changes in their science identity.  

In the remainder of this introduction, I explain the reasons for focusing on these three 

constructs and the posited mechanisms by which the Hummingbird Project should impact 

students.  

Review of related literature  

My project’s goal is to measure changes in students’ nature connectedness, science 

identity, and content knowledge after participating in the Hummingbird Project. These constructs 

were identified as relevant measures of the goals of the project: to educate students about 

pollinators through exposure to the scientific process and to nature. Nature connectedness was 

selected as a construct because it has been widely demonstrated in the literature as being a valid 

measurement of individuals’ incorporation of nature into their identity. Science identity is a 
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concept often used in qualitative research to determine an individual’s relationship with science. 

I developed a quantitative instrument to measure scientific identity, as few scales currently exist. 

The final construct, content knowledge, was selected to determine how well the project imparts 

an understanding of pollinators and their importance in the world’s ecosystems.  

Connectedness to nature  

Nature connectedness is the extent to which individuals include nature as part of their 

identity (Schultz, 2002). Schultz (2002) represented the relationship between humans and nature 

using the concept “inclusion with nature,” which consisted of three dimensions – caring 

(affective), connectedness (cognitive), and commitment (behavioral). Mayer and Frantz (2004) 

drew upon this definition and defined connectedness to nature as an individual’s affective, 

experiential sense of oneness with the natural world. Schultz (2002) and Mayer and Frantz 

(2004) have found that positive experiences in nature increase the extent to which people include 

nature in their sense of self and the degree to which people feel connected to nature.  

Social psychologists have identified the desire to belong to human groups and feel 

connected to others as a basic human need (Baumeister & Leary, 1995). The biophilia hypothesis 

extends this need to nature, contending that humans have a biologically based need to be in and 

feel connected to nature (Kellert & Wilson, 1995). Nature connectedness is similar to biophilia in 

its assertion that feeling connected to nature is important for an individual’s subjective wellbeing 

(Kellert & Wilson, 1995; Schultz, 2002).  

Connectedness to nature is important, according to Schultz, Shriver, Tabanico, and 

Khazian (2004), because the degree to which one associates with nature is directly related to the 

attitudes one develops toward the natural world. Those attitudes generally influence 
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environmentally responsible behaviors. People who report high levels of nature relatedness or 

connectedness to nature are more likely to report participating in environmentally responsible 

behaviors (e.g., buying organic or fair trade products, supporting inclusion of environmental 

impact in policy decisions, or identifying as an environmentalist) (Frantz & Mayer, 2004; Nisbet, 

Zelenski, & Murphy, 2008). Research consistently concludes that there is a reliable relationship 

between connectedness to nature and self-reported environmentally responsible behavior (see: 

Mayer & Frantz, 2004; Mayer, Frantz, Bruelhlman-Senecal, & Dolliver, 2009; Nisbet et al., 

2008; Sia et al., 1986; Wells & Lekies, 2006).  

However, concerns about the difference between self-reported and actual behavior are 

prevalent; social desirability bias, or the tendency for people to respond positively to statements 

they view as desirable and negatively to those they view as undesirable, may skew the accuracy 

of these measures (Edwards, 1953). To eliminate social desirability bias, Mayer and Frantz 

(2004) and Frantz and Mayer (2014) conducted several studies measuring the relationship 

between connectedness to nature and environmentally responsible behavior. They found 

correlations (r) ranging from .35 to .58 between connectedness to nature and self-reported 

environmentally responsible behavior (Frantz & Mayer, 2014). Research on actual 

environmentally responsible behavior appears to support these findings. For example, Frantz, 

Mayer, Peterson, Shammin, and Bent (2011) and Trostle (2008) conducted several studies with 

actual electricity usage as a measure of environmentally responsible behavior. Electricity usage 

incorporates several behaviors (turning lights off, unplugging appliances, etc.) relating to a single 

construct, making it a more reliable measure of behavior than a single question or behavior 

would be. They found that mean connectedness to nature significantly predicted kilowatt hours 

per person; that houses with a higher mean connectedness to nature had lower electricity use; and 
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that students in dormitories with higher reported connectedness to nature used less energy than 

their peers (Frantz & Mayer, 2014). These studies provide some evidence of a positive 

relationship between connectedness to nature and environmentally responsible behavior. 

Therefore, facilitating a high level of nature connectedness may be an effective strategy in 

encouraging environmental responsible behavior – behaviors that prevent further environmental 

destruction.  

Some research has investigated the factors that lead to connectedness to nature. Sward 

and Marcinkowski (2005) described the development of environmental sensitivity as a complex 

“interplay of outdoor experiences, favorable human interactions, and knowledge about the 

natural environment” (p. 303). Chawla and Cushing (2007) posited that positive nature activities 

in childhood and youth, as well as examples of parents, teachers, and other role models who 

show an interest in nature, are key “entry-level variables” which predispose people to take an 

interest in nature themselves and later work for its protection (p. 440). Research by Wells and 

Lekies (2006) contends that positive experiences while participating in “wild” nature, such as 

hiking or playing in the woods, fishing or hunting, and camping, as well as positive experiences 

while participating in “domesticated” nature (e.g., caring for plants, picking produce, or planting 

trees) during childhood have positive relationships to environmental attitudes and 

environmentally responsible behaviors in adulthood. Cheng and Monroe (2012) found that 

family values toward nature, previous experience in nature, nature near the home, knowledge of 

the environment, and perceived self-efficacy were factors contributing to students’ connection to 

nature, which strongly predicted their interest in environmentally responsible behavior. 

Establishing connectedness to nature during childhood, therefore, seems to be an important 

factor leading toward environmentally responsible behavior in adulthood.  
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It is important to note that correlation does not imply causation; these studies can only 

speculate about the causal mechanisms leading to connection to nature. It is plausible, too, that 

environmental concern leads to nature connectedness.  

One of the Hummingbird Project’s implicit goals is to expose children to the natural 

world in an effort to establish or reinforce feelings of connectedness to nature. Ideally, this 

exposure will contribute to facilitation of adulthood environmental responsibility. I hypothesize 

that the Hummingbird Project will significantly positively impact participants’ connectedness to 

nature.  

Science identity  

 Understanding science and the scientific process is an important ability for functioning in 

today’s society. Brickhouse (2001) defined science identity as the “sense of who students are, 

what they believe they are capable of, and what they want to do and become in regard to 

science.” In the United States, women and many minority groups are underrepresented in the 

STEM (science, technology, engineering, and mathematics) fields. Higher enrollment and 

employment of women and minority students will broaden perspectives within the teaching and 

practice of science, increase understanding of the scientific process in general, and possibly lead 

to more equitable economic opportunities (Aschbacher et al., 2010). Measuring science identity, 

particularly in underrepresented groups, may help us design effective interventions that 

encourage these students to pursue STEM careers.  

 The “Gathering Storm” report of the 2010 National Academies to the U. S. Congress 

stressed a connection between having quality jobs and the quality of life of U.S. citizens 

(National Academies, 2010). This report attributed the majority of new jobs created in the U.S. 
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directly or indirectly to innovations in science and technology. This committee named moving 

the U.S. K-12 education system in science and mathematics to a “leading position by global 

standards” its unanimous highest priority (National Academies, 2010).  

 Adolescence has been identified as a key time of life when interest, motivation, and 

engagement in science diminishes – in particular, during the transition between elementary and 

middle school (Archer, Osborne, & Dillon, 2010). This diminishment may be attributable to a 

range of factors – personal goals, familial support, classroom engagement, school culture, lack of 

science mentors or role models, poor school science experiences, science courses perceived as 

“too hard,” science careers being perceived as too difficult, lack of compelling extracurricular 

science activities, and other competing interests and priorities (Aschbacher et al., 2010; Carlone, 

Scott, & Lowder, 2014; Vedder-Weiss & Fortus, 2011). These factors must be addressed and 

effective solutions must be found to combat students’ faltering interest in science.  

Aschbacher et al. (2010) conducted a qualitative, longitudinal study following students 

who indicated high interest in science. They found that students who pursued non-science careers 

said that “school experience failed to encourage or support their science interests, and teachers 

and counselors did not seem to consider science learning a high priority” (p. 570). Additionally, 

students cited poor instruction and a lackluster curriculum with few hands-on inquiry activities 

or meaningful projects as reasons they lost interest in science careers, a result also identified by 

Lyons (2006).  

 The majority of science identity research has been qualitative, designed to understand the 

experiences of students who pursued science after high school, or the factors which led students 

away from science (see: Archer et al., 2010; Aschbacher et al., 2009; Brickhouse, 2001; Carlone, 

et al., 2014; Vedder-Weiss & Fortus, 2011). To address the lack of quantitative data in this field, 



Page 10 

 

Cole (2012) created a 15-item instrument aimed at measuring science identity, with reliability 

scores ranging from α = .89 to α = .91. As explained in the methods section, I have modified 

Cole’s (2012) scale to be an age-appropriate tool with which to measure how strongly, if at all, 

participation in the Hummingbird Project impacted scientific identity.  

Knowledge of curricular material  

Environmental education has been shown to increase knowledge of curricular material. 

For example, Bradley, Waliczek, and Zajicek (1999) evaluated a 10-day environmental 

education course and found a 22% increase in knowledge scores. Similarly, participants in a 10-

day citizen science project experienced a 24% increase in content knowledge (Jordan, Gray, 

Howe, Brooks, & Ehrenfeld, 2011).  

An understanding of environmental topics has been a demonstrated predictor of 

environmentally responsible behavior. In Bradley et al.’s (1999) evaluation of an environmental 

education program, students with higher knowledge scores had more favorable environmental 

attitudes compared to those with lower knowledge scores, suggesting environmental knowledge 

may positively influence favorable attitudes toward the environment. Additionally, Jordan et al. 

(2011) found that a majority of participants in their citizen science project reported a change in 

behavior, though they noted that reinforcing the participants’ belief that their behavior is 

meaningful and contributory is necessary if behavior change is desired.  

 To further develop the Hummingbird Project’s curriculum and to improve knowledge of 

hummingbirds and pollinators in general, understanding changes in knowledge from before to 

after participation in the project is necessary. In this study, students were asked questions 

pertaining to the Hummingbird Project to answer a key question: what did they learn about 
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hummingbirds and pollinators? Questions were adapted from project materials with the 

assistance of ecologists and science teachers. Exploring relationships between knowledge gain 

and both connectedness to nature and science identity is useful for developing other 

environmental education programs and allow tailoring them toward specific outcomes.  

The following section discusses citizen science, an important tool in collecting large 

quantities of data and engaging non-scientists in the scientific process. 

Citizen science as effective environmental education 

Citizen science is scientific research conducted with varying degrees of involvement 

from amateur or nonprofessional scientists, often working under or in collaboration with 

professional scientists or institutions (“OpenScientist,” 2011). Many citizen science projects 

involve studying bird populations or aspects of landscape ecology; the quantity of data spread 

out over time and over landscapes could not realistically be collected exclusively by professional 

ornithologists. The prevalence of birding as a hobby enjoyed by many members of the public 

lends itself to the utilization of birders in the collection of scientific data. For example, the 

Cornell Lab of Ornithology has successfully implemented many citizen science projects over 

decades (Cornell Lab of Ornithology, 2015). The benefits of citizen science projects for 

participants are many; participants increase content knowledge, and scientists gain data (Jordan 

et al., 2011).  

 Citizen science projects have the potential to address many issues related to science and 

environmental education. Involving students in the process of data collection and analysis may 

demystify what science is and who can do science, a problem cited often in science identity 

research (Bonney, Cooper, Dickinson, Kelling, Phillips, Rosenberg, & Shirk, 2009). Students 
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may view contributions to research as more exciting and engaging than traditional classroom 

experiences, helping mitigate the loss of interest many students experience between elementary 

and middle school. Additionally, citizen science projects often involve field work. As 

demonstrated in nature connectedness research, time spent outdoors positively impacts one’s 

connectedness to nature (and environmentally responsible behavior). Given these premises, 

involving citizen science in environmental education has the potential to have a positive impact 

on students’ content knowledge, scientific identity, and connectedness to nature.  

The Hummingbird Project  

 The Hummingbird Project engages grades 6, 7, 8, 9, and 10 students and educators 

through citizen science data collection to contribute to the driving question: “How does forest 

loss and fragmentation affect the presence/abundance of Rufous and other hummingbird 

species?” Rufous hummingbird (Selasphorus rufus) populations have been declining at a rate of 

3% per year for the last 30 years in their breeding range (Sauer & Link, 2011), which is 

potentially attributable to intensive forest management and climate change (Betts, Verschuyl, 

Geovanini, Stokely, & Kroll, 2013; Gutierrez, Thomas, Jones, Wong, Shirley, and Betts, 2014). 

Student scientists contribute to understanding of Rufous and other hummingbird habitat 

preference through citizen science to monitor their populations, determine if these hummingbirds 

are sensitive to deforestation and climate change, and positively affect hummingbird 

conservation (Givot, O’Connell, Betts, & Hadley, 2015).    

 Participating teachers attend a workshop run by the Oregon Natural Resources Education 

Program (ONREP) that provides an overview of the research project, content, and resources 

about pollinators. An undergraduate student working with the Betts Landscape Ecology Lab 

gives a one-hour presentation to each participating class, describing the importance of pollinators 
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for food and ecosystem sustainability, declines in pollinators in Oregon and the potential 

consequences of these declines, ways people can help reverse pollinator declines, and methods to 

study hummingbirds and monitor habitat (Givot et al., 2015).  Afterwards, classes collect data on 

hummingbird visitation to feeders, along with other data. In some classes, students construct 

their own feeders. In others, the Betts lab student distributes feeders. Teachers set up 

hummingbird feeders around the schoolyard and send students home with an invitation and 

protocol for students and their families to set up the study in their yards or in nearby natural 

areas. Some of the classes formulate hypotheses and analyze the data collected by students in 

previous years. Over a period of weeks, students record the amount of nectar consumed out of 

their feeders, the number of flowering plants nearby, and sightings of Anna’s hummingbirds 

(Calypte anna), Rufous hummingbirds (Selasphorus rufus), and any other birds they see. These 

data are uploaded into Google forms that are then downloaded by the Betts Landscape Ecology 

Lab.  

Research question 

My study aims to answer this question:  

 What is the impact of the Hummingbird Project, if any, on students’ knowledge of 

hummingbirds, students’ scientific identity, and their connectedness to nature? 

Hypotheses  

Science identity and nature connectedness are both complex constructs that are the 

product of years of experiences and the confluence of many factors. Since the Hummingbird 

Project is only one of many experiences with science or nature students will have, it is 

anticipated to make a relatively modest impact on these constructs. The Hummingbird Project 
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incorporates a learning module about hummingbirds, pollinators, and their ecological 

importance. Because developing a basic understanding of these concepts is not a lifelong 

process, and the classroom content explicitly covers these facts, knowledge gains should be 

substantially greater than changes in science identity and connectedness to nature.  

𝐻1: The Hummingbird Project will significantly increase students’ connectedness to nature, 

scientific identity, and knowledge of hummingbirds.  

𝐻2: Effects will be largest for hummingbird knowledge, moderate for science identity, and 

smallest for nature connectedness.  

Methods  

Sampling  

 Teachers participating in the Hummingbird Project are recruited through ONREP 

programs. To qualify for inclusion in my study, schools either had to be in the Willamette Valley 

and be within a 60-minute drive of Oregon State University or be willing to participate without 

having a presentation given to their classroom. There was one teacher not in the Willamette 

Valley who participated; that teacher was located in Sisters, Oregon. On January 20th, 2016, 

ONREP held an orientation for participating teachers, where I presented my proposed research to 

them. Teachers were asked if they were interested in being recruited to participate in my 

research. Ten teachers expressed interest in being recruited.  

 Superintendents in corresponding school districts were contacted to solicit consent to 

allow me to complete my research in their district. Following superintendent permissions, the 

principals of schools were contacted asking for their permission for this research to occur. After 
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Institutional Review Board (IRB) approval (Appendix A), teachers were formally recruited to 

participate in this research project. The participating teachers collectively had more than 600 

students who participated in the Hummingbird Project. 

Data collection  

Quantitative data collection, in the form of pre-Hummingbird Project surveys, took place 

in March and early April of 2016 (began March 28th, 2016). Teachers were provided parent 

notification forms to distribute before surveys were taken. These forms had information about 

my study and instructions for opting out. I provided instructions and a link to my online survey 

to teachers, and asked them to administer it to their classes before the introduction of the 

Hummingbird Project. Surveys were administered by seven teachers to 21 classrooms during 

class time using an online Qualtrics questionnaire. The instrument is included as Appendix B. 

Students who opted out were given an alternative task by their teacher.  

 Students took a follow-up survey in late May and early June (Appendix C). These 

surveys were also administered in the classroom by the teacher using Qualtrics. The pre-test and 

post-test surveys were paired by matching students’ names, teacher, and class period. 

Administration of these surveys took place later in the school year than originally anticipated, 

leaving no time left to interview students about their experiences of the Hummingbird Project.    

As discussed below, after the conclusion of the school year, teachers were contacted 

through email to be interviewed about their experiences with the Hummingbird Project 

(Appendix D). All interviews were audio recorded with participant consent.  

Independent and dependent variables  
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 The pre-test included several questions to measure control variables and potential 

confounds that might be related to the constructs of interest in the study. Students were asked 

basic demographic information: their age, their gender identity, and their racial/ethnic identity. 

Demographic information allows us to understand who participated in the surveys and allows us 

to determine if scores vary significantly in relation to these factors.  

 Nature connectedness literature has identified that factors such as positive childhood 

experiences in nature and family values toward nature are correlated with high nature 

connectedness scores (Cheng & Monroe, 2012; Wells & Lekies, 2006). Similarly, children with 

positive role models (parents, teachers, mentors) in science are more likely to pursue a degree in 

a science related field (Aschbacher et al., 2010). Based on such findings, I posited that students 

reporting high extracurricular engagement in nature or science and students reporting familial 

engagement in nature-based or science-based activities would have higher nature connectedness 

and science identity scores, respectively.  

 To understand students’ previous experiences, the pre-survey inquired how frequently 

students explore nature, take family trips into nature, do science experiments that aren’t for 

school, go to science museums, etc. Students were asked if they have a close family member 

who is a scientist or a teacher, and if their parents helped them with the project. I suspected that 

close family members who are scientists or teachers would be more engaged and supportive of 

their child’s pursuit of science and nature, which would give students more positive attitudes 

toward nature and science. Familial engagement in nature or science may also impose a norm 

and expectation of involvement in these fields. Involvement in science outside of school may 

increase students’ perceived self-efficacy in science related tasks, leading to higher science 

identity scores.  
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After participating in the Hummingbird Project, students were asked on the post-survey 

how often they monitored their hummingbird feeder at school and, if they had one, at home. 

These questions assess engagement in the project and were anticipated to be correlated with 

larger changes in science identity and nature connectedness scores.  

As described in the literature review, students tend to lose interest in science during their 

middle school years. Unengaged teachers are an often-cited source of loss of interest in science. 

Students were asked to report the engagement level of their teacher; I anticipated that having 

teachers perceived as engaged with science and the Hummingbird Project would be associated 

with greater changes in science identity than having teachers perceived as unengaged. However, 

given the elective nature of participation in the Hummingbird Project and in the evaluation of 

this project, it is important to note that these teachers may be particularly motivated and 

enthusiastic.   

Nature connectedness: The Children’s Environmental Perceptions Scale  

 The Children’s Environmental Perceptions Scale (CEPS), developed by Larson, Green, 

and Castleberry (2011), is a 5-point Likert-type scale from 1 “Strongly disagree” to 5 “Strongly 

agree” (Table 1). This 16-item scale was selected for several reasons. First, it was developed to 

be appropriate for ages 6 to 13. The majority of my participants were in 7th grade, where students 

are 12-13 years old. One high school class participated, where ages ranged from 13-17. Though 

high schoolers are older than the students for whom the CEPS scale was developed, the majority 

of participants were within the tested age range. Additionally, this scale was specifically 

developed to be appropriate for children of diverse gender, age, racial, and ethnic groups, which 

meets the needs of the changing U.S. population, though the students in this study were not very 

diverse. This scale also avoids asking respondents about specific environmental behaviors 
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(“clean up litter”) or location-specific issues that may only apply to certain groups (Larson et al., 

2011). Instead, it asks students about their willingness to help “fix problems in nature” and “save 

wild plants and animals.” 

 Finally, this scale has been implemented with a pre- and post-test design with high 

Cronbach’s alpha reliability coefficients (≥.75) across all subgroups in pre- and post-tests 

(Larson et al., 2011). Since my research also included a pre- and post-test design, this scale was 

appropriate.  

Table 1: The Children’s Environmental Perceptions Scale.  

Please rate how strongly you agree or disagree with the following statements.  

I like to learn about plants and animals. 

Plants and animals are important to people. 

I like to read about plants and animals. 

Plants and animals are easily harmed or hurt by people. 

I am interested in learning new ways to help protect plants and animals. 

People need plants to live. 

My life would change if there were no trees. 

I would give some of my own money to help save wild plants and animals. 

I would spend time after school working to fix problems in nature. 

We need to take better care of plants and animals.  

I like to spend time in places that have plants and animals.  

It makes me sad to see homes built where plants and animals used to be.  

I like to learn about nature.  

I would like to clean up green areas in my neighborhood. 

Nature is easily harmed or hurt by people.  

My life would change if there were no plants and animals. 

Note: Response options are from 1 “Strongly disagree” to 5 “Strongly agree” 

The scale includes attitudinal dimensions that are both cognitive (“plants and animals are 

important to people”) and affective (“it makes me sad to see homes built where plants and 

animals used to live”). Larson et al. (2011) contend that this scale measures two components of a 

child’s environmental orientation: eco-affinity and eco-awareness. Eco-affinity, according to 
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Larson et al. (2011), is an individual’s personal interest in nature and intentions to engage in pro-

environmental behavior. Eco-awareness items reflect a student’s “cognitive grasp of 

environmental issues related to the general importance and sustainability of natural ecosystems” 

(Larson et al., 2011, p. 83). Larson et al. (2011) found a correlation between eco-awareness and 

knowledge of the material presented in the evaluated environmental education programs, but not 

between eco-affinity and knowledge.  

Science identity  

Identities are multifaceted and intersectional (race, ethnicity, gender, class, sexual 

orientation, etc.). They are produced through practices, relationships, and interactions within 

specific sites and areas (Archer et al., 2010). When people are aware of the groups to which they 

belong, they tend to embrace beliefs and demonstrate the values associated with these groups 

(Hogg & Terry, 2001; Tajfel, 2010). These identities and their intersections can generate 

powerful notions of which behaviors are or are not acceptable or normal for “people like me” 

(Archer et al., 2010). These notions of behavioral acceptability can translate into drivers or 

deterrents from academic pursuits in certain fields – in other words, if one’s identities do not 

include science as an acceptable career path, students with an interest in science may choose a 

field they perceive as more acceptable to their identities.  

 Science identity has been studied almost exclusively qualitatively (as discussed in the 

literature review), and little work has been done to develop a quantitative measure of the 

construct. However, in his 2012 dissertation, Cole developed a quantitative scale to measure 

science identity in youth volunteers at a science museum in Chicago. Rather than asking students 

if they viewed themselves as “scientists,” he asked if they thought of themselves as “science 

people”; cultural stereotypes may influence a student’s perception of who a “scientist” is, and 
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these stereotypes may lead students away from fitting this identity to themselves (Cole, 2012). I 

used Cole’s language in my surveys to eliminate this potential bias.  

 My initial science identity scale had 23 items with a 5-point response scale. These items 

were mostly adapted from Cole’s (2012) scale, which I shortened significantly due to time 

limitations on respondents. Other questions were developed from qualitative science identity 

research (see: Archer et al., 2010; Aschbacher et al., 2009; Brickhouse, 2001; Carlone et al., 

2014; Vedder-Weiss & Fortus, 2011). Respondents ranked how strongly they agreed or 

disagreed with each of the statements (Table 2). Items with an (R) were reverse coded in 

analysis, which increases internal consistency by forcing participants to read each item carefully.  

Table 2: Initial science identity scale.  

Please rate how strongly you agree or disagree with the following statements.  

I enjoy science.  

I like to use science to solve problems.  

I want to be a scientist when I am older.  

Science is my favorite subject in school.  

Science does NOT make the world a better place. (R)  

I am good at science.  

People like me can be scientists.  

Science is NOT for me. (R) 

I like to read books, watch TV shows, and/or read books about science.  

I consider myself a science person.  

My friends think of me as a science person.  

My family thinks of me as a science person.  

My teachers think of me as a science person.  

I consider myself an artsy person.  

I consider myself an athletic person.  

I am interested in pursuing a career in a scientific field.  

Science helps people solve problems.  

Science helps people understand the world.  

Science is NOT important to me. (R)  

I like to learn about science outside of school.  

I am interested in being part of a science group or club.  

Science is boring. (R)  

Science is interesting.  
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As seen in Table 2, students were asked whether their friends, their family, and their 

teachers think of them as a science person. Our evaluations of ourselves are affected strongly by 

how we perceive others’ perceptions of us (Cooley, 1992 reprint year [1902]), as well as the 

acceptable behaviors and values held by the groups to which we perceive ourselves belonging 

(Tajfel, 2010). “I consider myself an artsy person” and “I consider myself an athletic person” 

were included to provide students with context for the idea of a “science person” and were not 

included in data analysis.  

Content knowledge questions  

 Students were asked 10 questions about basic flower anatomy, Anna’s and Rufous 

hummingbird identification and migratory patterns, and hummingbird diets (see Appendix B). 

These questions were based on PowerPoint lectures delivered to each classroom (except Sisters 

High School, due to travel limitations) by an undergraduate student, as well as curricular 

materials each student received throughout the Hummingbird Project (Appendix E). Students 

were given the option of marking “I don’t know” to prevent them from making guesses. 

Interviews  

 Semi-structured interviews were conducted with teachers after the end of the term. They 

were asked about their perceptions of the project, the extent to which the project was used in 

their classroom, the content they covered, and their recommendations for improvement. These 

data were used to make recommendations to improve the Hummingbird Project in the future and 

to provide context to interpret quantitative changes in students’ responses. These questions are 

included as Appendix D. 
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Citizen science  

A novel aspect of the Hummingbird Project is the integration of citizen science with 

environmental education. Students were asked on the post-test if they were aware that their data 

will be used by real scientists. If they responded “yes,” they were prompted to rate on a 5-point 

scale how strongly this knowledge motivated them to participate, made them feel like what they 

were doing was important, and made them feel like they could be a scientist. These questions 

reveal the effects citizen science has on attitudes toward the Hummingbird Project. 

Students’ general assessment of the Hummingbird Project 

On the post-test, respondents were asked a series of questions on a 5-point scale ranging 

from 1 “Strongly disagree” to 5 “Strongly agree” gaging their overall attitudes toward the 

Hummingbird Project: “The Hummingbird Project was fun”, “I enjoyed watching birds at the 

feeders,” etc. In addition, they were asked to write the three most important things they learned 

from the Hummingbird Project, and to self-assess the impact this project had on their interest in 

science. These questions provide a baseline for students’ enjoyment (or lack thereof) of the 

Hummingbird Project. I anticipated that students reporting positive attitudes toward the 

Hummingbird Project would have more positive changes in nature connectedness, science 

identity, and content knowledge than would students reporting negative attitudes toward this 

project.  

Data reduction and analysis  

Data were analyzed using IBM SPSS 20, and hierarchical linear models of teacher effect 

on changes in construct scores were analyzed using R. Exploratory factor analyses (principal axis 

factoring) is a statistical data reduction technique that describes variability in observed, 
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correlated variables (for example, items on the science identity scale) to identify and 

mathematically estimate unobserved, latent “factors” that cannot be measured directly (in this 

example, components of science identity) (Field, 2013). Factor analyses were performed with 

oblique rotation, as factors were expected to be correlated (Kline, 2014; Tabachnick & Fidell, 

2007). A factor loading of at least 0.45 was established as the threshold for including an item 

with a factor (Comrey & Lee, 2013). Cronbach’s α coefficients were calculated for each factor to 

establish internal consistency (Tabachnick & Fidell, 2007).  

Open-ended questions (race, gender, etc.) were categorized and coded for the appropriate 

statistical procedures (paired or independent samples t-tests, one-way ANOVA, etc.). The 

qualitative responses to the “Three things I learned during the Hummingbird Project” question 

fell under nine categories (fact about hummingbirds, population observation, etc.) and were 

analyzed by creating new variables for each respondent to compute frequencies of response 

categories.  

T-tests were used to compare two groups, and one-way ANOVA tests were used for 

comparing more than two groups. All hypothesis testing used an α level of 0.05. Hypothesis 1 

was tested using hierarchical linear models (discussed in results section) or t-tests where 

appropriate. Hypothesis 2 was evaluated using a qualitative assessment of the magnitude of 

changes in dependent variables, as tested in Hypothesis 1.   
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Results  

 The results section will first describe the characteristics of the respondents. Following 

that, to provide context, will be an overview of how the Hummingbird Project was implemented, 

including information provided in the teacher interviews and in student evaluations of the 

project. Data reduction and results for nature connectedness, science identity, and content 

knowledge scores will then be described, followed by the results of the hypothesis tests. This 

section concludes with the results of several additional analyses that are supplemental to the 

main hypotheses.  

Participants and demographic characteristics  

Seven teachers and 21 classes participated in the evaluation. The number of class periods 

each teacher had varied from one to six, and the number of students in each class who completed 

both the pre-test and post-test varied between five and 37 (Figure 1). 

Figure 1: Distribution of students in each class period for each teacher (N = 367).  “T” refers to 

teacher and “P” refers to class period.  
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In total, 498 students took the pre-test and 431 students took the post-test. The pre- and 

post-test datasets were matched based on students’ names, teachers, and class periods, for a total 

of 367 respondents included in the final analysis. It is unclear why nearly 70 students were 

unmatched. One teacher revealed that some of her students used code names in the pre-test that 

they forgot in the post-test. It is also possible that many of the mismatched responses were due to 

absences on the day of either test. Additionally, due to the elective nature of the study, some 

students who opted to take the pre-test or the post-test may have opted to not take the other. One 

teacher did not follow the protocol (the pre-test was given a few days before the post-test) and 

was excluded from analysis.  

Responses to “What is your race/ethnicity” were generally coded along US Census 

Bureau guidelines (Figure 2); some categories had so few respondents that they were combined 

(U.S. Office of Management and Budget, 1997). For example, students responding “Chinese” or 

“Thai” were recoded as “Asian.” Students who identified with two or more categories were 

classified as “Mixed.” Nearly three-quarters of respondents identified as white. 

Figure 2: Racial/ethnic makeup of respondents.  
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Questions about gender identity and race/ethnicity were intentionally left open-ended to 

allow students to accurately reflect their identities. Responses to gender were almost exclusively 

“male,” “female,” “boy,” or “girl.” These were coded as “male” and “female.” The two 

responses that fell outside the gender binary were coded “other.” Of respondents, 56% identified 

as female, 43% identified as male, and 0.6% chose “other” as their sex or gender. The vast 

majority (84%) of respondents were between 11 and 13 years old. The remaining participants 

were between 14 and 17. The older students were in high school classes.  

Hummingbird feeders  

Most students (68%) reported setting up a hummingbird feeder at their home to monitor 

birds and nectar consumption (Figure 3). Most of these students checked their feeders either 

twice a week (38%) or every other day (26%). Only 17% of students reported never refilling 

their feeder, though 83% refilled their feeder at least once a week. More than two-thirds (67%) of 

students never saw an Anna’s hummingbird, 63% of students never saw a Rufous hummingbird, 

and 58% of students reported never seeing either hummingbird at home. However, 62% of 

students saw other types of birds every day. Anna’s hummingbirds were seen at home once a 

week or more by 33% of students. Rufous hummingbirds were seen at home once a week or 

more often by 37% of students. The vast majority of students (82%) reported recording nearby 

flowers at least once a week during the project.  
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Figure 3: Frequency of performing tasks and seeing hummingbirds at feeders located at students’ 

homes. 
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Figure 4: Frequency of performing tasks and seeing hummingbirds at feeders located at school. 
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scientists and could contribute to their research. One teacher stated that the project “made it seem 

possible that they could have a job as a researcher,” a sentiment echoed by another teacher: “[it] 

made their research seem meaningful; a real life connection.”  

What were the challenges of the project/challenges to students?  

 All but one teacher (6/7) reported that students were very engaged with the project. One 

teacher detailed how students who had participated the year before were volunteering to “intern 

in the class to help out.” Students were excited to come to class to share how often they saw (or 

did not see) hummingbirds, or to talk about other things they saw while they were collecting 

data. 

The overwhelming consensus of teachers was that data collection was the most 

challenging aspect of the project. Students left their datasheets at home or in their lockers, 

incorrectly filled in the sheets, or forgot to fill them out at all. Teachers reported that enthusiasm 

for the project decreased as time went on, especially for students who had hummingbird feeders 

at home. Three teachers described specifically how their students’ home lives impacted their 

ability to do the project: “Dysfunction at home made it hard for them to just do general 

homework. Collecting data was really challenging.”  

 Another major challenge teachers discussed was the timing of the project; many lamented 

the lack of time following data collection to engage in data analysis. They felt that having 

students analyze their own data would make them more engaged with science, and that seeing 

the results of their own research (rather than a dataset they did not contribute to) would further 

their interest in the project and in science.  
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How was the project incorporated into your classroom?  

 There were varying degrees of incorporation of the project into classroom curricula. Two 

teachers did not add anything beyond the basic project. Teacher 2 put hummingbirds in the 

context of food webs, predator-prey relationships, and symbiotic relationships. Teachers 1 and 6 

both used the project in a unit on ecology. Teacher 5, the high school teacher, used the project to 

talk about genetics, evolution, adaptation, biodiversity, and ecology. Teacher 7 used the project 

in her physics class; because of this, she said, “I didn’t really incorporate it.” Teacher 3 had each 

class period choose a different independent variable to change (mostly location of feeders) and 

looked at differences across classes. Teacher 4 used it in a unit on animals and food webs.  

Most teachers in the Willamette Valley are switching over from science standards set in 

1996 to Next Generation Science Standards (NGSS) in the 2016-2017 school year. Because of 

this, several of them expressed concern that the project would not fit their new standards, though 

most thought that the project would fit their new standards better than their old ones.  

Did your students lead their own investigations?  

 Most teachers did not have students lead their own investigations, opting to have them 

investigate as a class or in groups. Two teachers (2 and 6) had groups of students make a poster 

or infographic about the project.  

Logistical issues 

None of the teachers reported having any significant troubles with feeders; two reported 

that some of the feeders leaked and that there were a few instances of ants in the feeders, but 

both teachers said the leaks were easily fixed and the ants were not prevalent enough to cause 
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problems. When asked if any of the instructions for the project were unclear, every teacher said 

“no.” 

Suggestions for improvements  

 Teachers unanimously agreed that they needed more time for the project and for the 

project to start earlier in the year. Most teachers had the students enter data and take the post-

survey during the last week of school, giving them no time to do any data analysis of their own. 

Many stressed that they would enjoy doing simple graphing or comparisons between the current 

and previous year’s data. One teacher (6) expressed that she would like “input from scientists… 

[perhaps] videos from the scientists in the field.” Teacher 3 stated that “having Jessica [the 

undergraduate who initially presented the project to students] was really motivational” – a 

sentiment shared by several other teachers.  

Students’ evaluation of their teachers’ engagement  

Students were asked four questions on a 5-point scale from 1 “strongly disagree” to 5 

“strongly agree” about their perceptions of their teacher: “My teacher likes science” (M = 4.76, 

SD = 0.63), “My teacher was excited about the Hummingbird Project” (M = 4.44, SD = 0.76), 

“My teacher spent a lot of time in class on the Hummingbird Project” (M = 3.90, SD = 1.03), and 

“My teacher encourages me to learn science” (M = 4.25, SD = 0.97). Means of these items were 

predictably high, as these teachers’ participation in this project is indicative of high motivation.  

An exploratory factor analysis of these items indicated they loaded on one factor. 

Cronbach’s α for these items was acceptable at 0.77.  An index of these scores was created for 

each respondent by computing the mean. Figure 5 shows the distribution of teacher rating scores. 

A one-way ANOVA indicated significant differences between teacher index scores at the α = 
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0.05 level [F(6, 360) = 7.25, p < 0.01]. However, these results must be cautiously interpreted due 

to differences in sample sizes; the sample size for teachers ranged from 14 (Teacher 1) to 153 

(Teacher 4).  

Figure 5: Mean teacher evaluation index scores 

 

a, b, c Means with different superscripts differ at the α = 0.05 level, based on one-way ANOVA results and 

Scheffé’s post-hoc test.  

Note: Response categories ranged from 1 “Strongly disagree” to 5 “Strongly agree” 
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watching them at the feeders (42%), though nearly one third (31%) agreed with this statement. 

Many students did not see Anna’s or Rufous hummingbirds (Figures 3 and 4); not surprisingly, 

the students who did not see birds tended to disagree that they enjoyed watching birds at the 

feeders. The largest percentage of students agreed that they learned from watching classroom 

presentations (59%).   

Figure 6: Distribution of responses to evaluative questions about the Hummingbird Project 

  

 As a final evaluative question, students were asked if participating in the Hummingbird 

Project changed their overall interest in science (Figure 7). The majority of students (60%) 

reported no effect on their interest in science. However, more students reported a modest 

increase in interest in science than a modest decrease.  
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Figure 7: Effects of participating in the Hummingbird Project on interest in science.  

 

Impact of citizen science  

A novel aspect of this project was the citizen science component. Most students (88%) 

correctly identified that the data they collected would be used by scientists. If they answered 

“yes” to that question, they were prompted to rate how strongly they agreed or disagreed with a 

series of statements regarding how knowing their data were going to be used impacted their 

participation (Figure 8).  

Figure 8: Distribution of responses to citizen science questions  
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Students reported that knowing their data were to be used by scientists had a neutral to 

positive impact on their perception of the project and their motivation to participate. More than 

half (57%) of students agreed or strongly agreed that this made them feel like what they were 

doing was important, and 60% agreed or strongly agreed that this made them feel that the project 

was useful. However, many students reported feeling neutrally about how this knowledge 

impacted their motivation to participate and their motivation to collect more data. Notably, 40% 

of students reported the citizen science element had no effect on their feeling that they could be a 

scientist and nearly 40% disagreed with this statement. Only 20% of students agreed or strongly 

agreed that the project made them feel like they could be a scientist. 

Three things students learned during the Hummingbird Project  

On the post-survey, students were asked to list the three most important things they 

learned from the Hummingbird Project. These responses were given 2-3 months following the 

class presentation and after all data collection had ceased. There were a total of 793 responses 

(each student gave between zero and three responses) to this question (Table 3).  New variables 

were created for the nine main categories of response: 

1. Facts about hummingbirds (color, size, diet, identification, behavior, speed) 

2. Observation about hummingbird population (the population is declining; migration 

observation; not observed in their backyard) 

3. Comment about science (what do scientists do, how science works, the scientific method) 

4. Self-reflection or affirmation of ability (“I can” statements)  

5. Feeder-related observation (amount of nectar consumed, found ants on feeder, cats liked 

watching feeder) 

6. Importance of the relationships between hummingbirds, humans, and/or ecosystems  

7. Benefits of being outside or being in nature 

8. How to collect or use data  

9. Negative statements (e.g., “I learned nothing” / “This was boring”) 
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Just under 63% of students listed three things they learned (the others listed only one or two 

things). The majority (61%) of students wrote at least one item that was classified as a fact about 

hummingbirds, and facts about hummingbirds made up more than half of all 793 responses to 

this question. Very few students commented on science or the use of data.  

Table 3: Responses to open-ended question about the most important things learned from the 

Hummingbird Project 

Category Percent of students 

(n = 367) 

Percent of responses 

(n = 793) 

Hummingbird fact 61.3 57.3 

Population observation 25.1 13.0 

Comment about science 7.1 4.0 

Self-reflection comment 6.5 4.0 

Feeder-related observation 11.7 7.2 

Importance of hummingbirds to ecosystems 12.0 8.2 

Benefits of being in nature 1.9 1.0 

How to collect/use data 0.3 1.0 

Negative comment  6.8 3.6 

Note: “Percent of students” refers to the percentage of students who gave at least one response in that 

category. “Percent of responses” refers to the percentage of all responses that fell in each category. 

Almost one-fifth of students (69) did not respond to this question. 

 

Family member occupations  

The data showed that 124 students (35%) stated that their parents helped them in some 

way with the Hummingbird Project.  

Nearly 15% of students (54) indicated that they had at least one family member who is a 

scientist. Of these, 15 students reported that their mother was a scientist; 16 said their father was 

a scientist; 6 had a scientist aunt, 9 had a scientist uncle, 7 had a scientist grandfather, 3 had a 

scientist grandmother, 3 a scientist brother, 1 a scientist sister, 10 had a scientist cousin, and 10 

said “other.” 
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There were 132 students who indicated having at least one family member who is a 

teacher. Of these, 51 students have a mother who is a teacher, 22 have a teacher father, 43 a 

teacher aunt, 15 a teacher uncle, 10 a teacher grandfather, 25 a teacher grandmother, 1 a teacher 

brother, 3 a teacher sister, 18 a teacher cousin, and 9 said they had an “other” family member 

who is a teacher. The “other” responses were “2nd great grandfather,” “aunt’s husband,” “brother 

in law,” “cousin’s grandmother,” “dad’s fiancée,” “sister-in-law,” “step mother,” and 2 “step 

fathers.”  

Involvement in science and nature outside of school  

Students responded to questions about the frequency with which they participated in 

science or nature related activities outside of school on a 5-point scale, where 1 = “Never,” 2 = 

“Rarely,” 3 = “Sometimes,” 4 = “Quite often” and 5 = “Very often.” Figure 9 displays the 

percentage of students who responded “Quite often” or “Very often” to each of the listed 

activities. 

Students reported participating in nature-related activities more frequently than science-

related activities. Notably, few students reported participating in science-related activities; nearly 

one third (31%) of students said they “Never” talk about science with their families, and only 9% 

of students said they “very” or “quite” often do science projects outside of school. Additionally, 

few students reported frequently reading books about science (10%) or nature (13%). However, 

less than 20% of students said they “never” or “rarely” explore nature.  

 

  



Page 38 

 

Figure 9: Engagement in nature or science related activities outside of school 
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Table 4: Reliability analysis of variables measuring nature and science involvement 

 Mean Std. 

dev. 

Item-Total 

Correlationa 

Alpha 

if item 

deletedb 

Cronbach’s 

Alphac 

Nature involvementd     0.80 

Explore nature  3.40 1.06 0.57 0.77  

Take family trips into nature 3.19 1.13 0.56 0.89  

Talk about plants & animals with family 2.63 1.16 0.66 0.74  

Watch TV shows/movies about nature 2.77 1.14 0.63 0.75  

Read books about nature  2.27 1.08 0.63 0.75  

Science involvementd     0.85 

Do science projects that aren’t for school 1.96 1.08 0.56 0.85  

Go to science museums  2.15 1.07 0.64 0.83  

Watch TV shows/movies about science 2.54 1.18 0.75 0.81  

Read books about science 2.08 1.06 0.72 0.81  

Talk about science with my family 2.35 1.21 0.69 0.82  
a Pearson’s correlation coefficient between score on individual variable and sum of scores on remaining 

variables.  
b Cronbach’s alpha when removed from scale. 
c Reliability coefficient for how well a set of variables measures a single unidimensional latent 

construct. 
d Variables coded on a 5-point scale of 1 “Never” to 5 “Very often” 

 

 Students with a teacher as a family member (n=130) had a higher mean nature 

involvement score (M = 3.07, SD = 0.84) than students who did not (n= 224; M = 2.74, SD = 

0.82) (independent samples t-test, t(352) = 3.55, p < 0.01). This was true for science 

involvement, as well: students with a teacher in their family (n= 131; M = 2.48, SD = 0.91) 

scored higher than those who did not (n = 224; M = 2.10, SD = 0.85) (independent samples t-test, 

t(353) = 3.94, p < 0.01). Having a scientist in the family also corresponded to a higher mean 

science involvement score (n = 54; M = 2.45, SD = 0.96) than not having a scientist family 

member (n = 311; M = 2.18, SD = 0.87) (independent samples t-test, t(363) = 2.10, p = 0.04).  
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Dependent Variables  

Nature connectedness 

Following Larson et al.’s (2012) methodology, principal axis factor analyses with oblique 

rotation were performed to validate the items and factors of the Children’s Environmental 

Perceptions Scale for the pre-test and post-test. Items with factor loadings less than .45 were 

suppressed. All but two items loaded on the previously defined factors (Tables 5 and 6). The 

item “It makes me sad to see homes built where plants and animals used to be” was expected to 

load on the eco-awareness factor, but instead loaded on the eco-affinity factor. This item was 

subsequently excluded from further analysis. Additionally, the item “Plants and animals are 

easily harmed or hurt by people” did not have a sufficiently large factor loading on the pre-test 

and was subsequently excluded. The final factor loadings can be seen in Tables 7 and 8.  
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Table 5: Children’s Environmental Perceptions Scale pre-test initial factor analysis  

 Factor loadings1 

Items Factor 1: 

Eco-affinity 

Factor 2: 

Eco-

awareness 

I am interested in learning new ways to protect plants and 

animals  

0.82   

I would spend some time after school working to fix problems 

in nature 

0.83   

I would like to clean up green areas in my neighborhood 0.82   

I like to learn about nature  0.76   

I like to learn about plants and animals  0.68   

I like to read about plants and animals  0.68   

I would give some of my own money to help save wild plants 

and animals  

0.64   

It makes me sad to see homes built where plants and animals 

used to be 

0.60   

I like to spend time with plants and animals 0.48   

My life would change if there were no trees  0.82  

My life would change if there were no plants and animals  0.74  

People need plants to live   0.72  

Nature is easily harmed or hurt by people   0.59  

Plants and animals are important to people   0.51  

We need to take better care of plants and animals   0.48  

Plants and animals are easily harmed or hurt by people    

Eigenvalue 7.46 1.77  

Percent of total variance explained 46.6 11.1  
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 57.7% 
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Table 6: Children’s Environmental Perceptions Scale post-test initial factor analysis  

 Factor loadings1 

Items Factor 1: 

Eco-affinity 

Factor 2: 

Eco-

awareness 

I like to learn about nature  0.88   

I would spend some time after school working to fix problems 

in nature  

0.82   

I would like to clean up green areas in my neighborhood 0.81   

I like to read about plants and animals  0.81   

I am interested in learning new ways to help protect plants 

and animals 

0.78   

I like to learn about plants and animals 0.73   

I would give some of my own money to help save wild plants 

and animals  

0.71   

It makes me sad to see homes built where plants and animals 

used to live  

0.64   

I like to spend time with plants and animals  0.60   

My life would change if there were no plants and animals  0.89  

My life would change if there were no trees  0.86  

People need plants to live  0.74  

Nature is easily hurt or harmed by people   0.63  

We need to take better care of plants and animals   0.61  

Plants and animals are easily hurt or harmed by people   0.57  

Plants and animals are important to people  0.53  

Eigenvalue 8.04 2.18  

Percent of total variance explained  50.3 13.7  
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.3 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 63.9% 
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Table 7: Children’s Environmental Perceptions Scale pre-test final model factor analysis  

 Factor loadings1 

Items Factor 1: 

Eco-affinity 

Factor 2: 

Eco-

awareness 

I am interested in learning new ways to protect plants and 

animals  

0.82   

I would spend some time after school working to fix problems 

in nature 

0.80   

I would like to clean up green areas in my neighborhood 0.80   

I like to learn about nature  0.76   

I like to learn about plants and animals  0.70   

I like to read about plants and animals  0.69   

I would give some of my own money to help save wild plants 

and animals  

0.63   

I like to spend time with plants and animals 0.47   

My life would change if there were no trees  0.84  

My life would change if there were no plants and animals  0.75  

People need plants to live   0.70  

Nature is easily harmed or hurt by people   0.56  

We need to take better care of plants and animals   0.45  

Plants and animals are important to people  0.49  

Eigenvalue 6.61 1.73  

Percent of total variance explained 47.2 12.4  
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.3 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 59.6% 
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Table 8: Children’s Environmental Perceptions Scale post-test final model factor analysis  

 Factor loadings1 

Items Factor 1: 

Eco-affinity 

Factor 2: 

Eco-

awareness 

I like to learn about nature  0.87   

I like to read about plants and animals 0.82   

I would spend some time after school working to fix problems 

in nature 

0.81   

I am interested in learning new ways to protect plants and 

animals 

0.79   

I would like to clean up green areas in my neighborhood 0.79   

I like to learn about plants and animals 0.74   

I would give some of my own money to help save wild plants 

and animals  

0.70   

I like to spend time with plants and animals  0.60   

My life would change if there were no plants and animals  0.89  

My life would change if there were no trees  0.89  

People need plants to live  0.75  

Nature is easily hurt or harmed by people   0.57  

We need to take better care of plants and animals   0.59  

Plants and animals are important to people  0.52  

Eigenvalue 7.25 2.05  

Percent of total variance explained  51.8 14.6  
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 66.4% 

 

To establish internal consistency, Cronbach’s alpha coefficients were calculated for both 

factors in the pre-test and the post-test. The pre-test eco-affinity factor had high reliability, with 

an α of 0.90. The post-test eco-affinity factor had similarly robust results with an α of 0.93. Eco-

awareness had a pre-test α of 0.84 and a post-test α of 0.89. The results of these reliability 

analyses and descriptive statistics for each item can be seen in Tables 9 and 10.  
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Table 9: Reliability analysis of variables measuring connectedness to nature (pre-test) 

 Mean Std. 

dev. 

Item-Total 

Correlationa 

Alpha if 

item 

deletedb 

Cronbach’s 

Alphac 

Eco-affinityd     0.90 

I am interested in learning new ways to 

help protect plants and animals  

3.60 1.00 0.69 0.89  

I like to read about plants and animals 2.99 1.18 0.65 0.89  

I am interested in learning new ways to 

protect plants and animals 

3.53 1.10 0.79 0.88  

I would give some of my own money 

to help save wild plants and animals 

3.55 1.09 0.67 0.89  

I would spend time after school 

working to fix problems in nature 

3.10 1.13 0.74 0.89  

I like to spend time in places with 

plants and animals 

4.06 0.97 0.59 0.90  

I like to learn about nature  3.52 1.13 0.74 0.89  

I would help to clean up green areas in 

my neighborhood 

3.13 1.10 0.68 0.89  

Eco-awarenessd     0.84 

Plants and animals are important to 

people 

4.27 0.82 0.53 0.83  

People need plants to live 4.48 0.79 0.61 0.82  

My life would change if there were no 

trees 

4.61 0.76 0.62 0.82  

We need to take better care of plants 

and animals 

4.33 0.80 0.63 0.81  

Nature is easily harmed or hurt by 

people  

4.22 0.90 0.66 0.81  

My life would change if there were no 

plants and animals  

4.61 0.72 0.68 0.81  

a Pearson’s correlation coefficient between score on individual variable and sum of scores on 

remaining variables.  
b Cronbach’s alpha when removed from scale. 
c Reliability coefficient for how well a set of variables measures a single unidimensional latent 

construct. 
d Variables coded on a 5-point scale of 1 “Strongly disagree” to 5 “Strongly agree.” 
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Table 10: Reliability analysis of variables measuring connectedness to nature (post-test) 

 Mean Std. 

dev. 

Item-Total 

Correlationa 

Alpha if 

item 

deletedb 

Cronbach’s 

Alphac 

Eco-affinityd     0.93 

I am interested in learning new ways to 

help protect plants and animals  

3.51 1.14 0.76 0.92  

I like to read about plants and animals 2.99 1.19 0.75 0.92  

I am interested in learning new ways to 

protect plants and animals 

3.50 1.10 0.79 0.91  

I would give some of my own money 

to help save wild plants and animals 

3.49 1.08 0.73 0.92  

I would spend time after school 

working to fix problems in nature 

3.18 1.12 0.78 0.92  

I like to spend time in places with 

plants and animals 

3.97 1.10 0.70 0.92  

I like to learn about nature  3.47 1.10 0.74 0.92  

I would help to clean up green areas in 

my neighborhood 

3.19 1.10 0.72 0.92  

Eco-awarenessd     0.88 

Plants and animals are important to 

people 

4.27 0.86 0.63 0.87  

People need plants to live 4.52 0.74 0.66 0.86  

My life would change if there were no 

trees 

4.71 0.74 0.72 0.86  

We need to take better care of plants 

and animals 

4.29 0.84 0.71 0.85  

Nature is easily harmed or hurt by 

people  

4.29 0.83 0.67 0.86  

My life would change if there were no 

plants and animals  

4.60 0.74 0.78 0.84  

a Pearson’s correlation coefficient between score on individual variable and sum of scores on 

remaining variables.  
b Cronbach’s alpha when removed from scale. 
c Reliability coefficient for how well a set of variables measures a single unidimensional latent 

construct. 
d Variables coded on a 5-point scale of 1 “Strongly disagree” to 5 “Strongly agree.” 

 

  



Page 47 

 

The mean pre-test eco-affinity score was 3.45 (SD = 0.84); the mean post-test eco-affinity 

score was 3.41 (SD = 0.90). The mean change in eco-affinity was -0.04, which was not 

statistically different from zero (paired t-test, t(361) = 1.25, p = 0.24). The mean pre-test eco-

awareness score was 4.42 (SD = 0.59) and the mean post-test eco-awareness score was 4.43 (SD 

= 0.63). The mean change in eco-awareness was 0.01, a change that was not statistically 

different from zero (paired t-test, t(362)= -0.17), p = 0.86). The pre-test score mean being so near 

to 5 (the highest possible score) suggests a ceiling effect on the change variable.  

 Mean eco-affinity post-test scores differed significantly between teachers (One-way 

ANOVA, F(6, 357) = 2.18, p = 0.01; Table 11). However, mean pre-test eco-affinity scores did 

not differ significantly by teacher (p = 0.07), nor did change in eco-affinity (p = 0.33), pre-test 

eco-awareness scores (p = 0.11), post-test eco-awareness scores (p = 0.08), or mean change in 

eco-awareness (p = 0.46).  

Table 11: Mean nature connectedness pre-test, post-test, and change scores by teacher.  

Teacher 

Mean pre 

eco-

affinity 

Mean post 

eco-

affinity 

Mean eco-

affinity 

change 

Mean pre 

eco-

awareness 

Mean post 

eco-

awareness 

Mean eco-

awareness 

change 

T1 3.04 a 3.17 a 0.13 a 4.26 a 4.56 a 0.30 a 

T2 3.40 a 3.31 a -0.08 a 4.35 a 4.44 a 0.09 a 

T3 3.36 a 3.36 a -0.04 a 4.24 a 4.24 a -0.06 a 

T4 3.41 a 3.31 a -0.10 a 4.41 a 4.37 a -0.03 a 

T5 3.72 a 3.83 b 0.10 a 4.58 a 4.60 a 0.02 a 

T6 3.56 a 3.38 a -0.18 a 4.54 a 4.51 a -0.03 a 

T7 3.36 a 3.47 a 0.10 a 4.48 a 4.43 a 0.04 a 

F 1.94 2.80 1.28 1.92 1.85 1.00 

p 0.07 0.01 0.27 0.08 0.09 0.42 
a, b Means with different superscripts within a column differ at the α = 0.05 level, based on one-way 

ANOVA results and Scheffé’s post-hoc test.  
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Science identity scale development  

To understand the underlying concepts in the science identity questionnaire, an 

exploratory factor analysis using principal axis factoring was performed. Oblique rotation was 

selected, as factors should be correlated with each other.  

 The items “I consider myself an artsy person” and “I consider myself an athletic person” 

were excluded from the factor analyses, as they were included to provide context for the concept 

of “science person” that was referenced in several other items. In addition, when these items 

were included in factor analyses, they loaded on their own factors.  

 The items initially loaded onto three factors on both the pre-test and post-test (Tables 12 

and 13). Two items did not load on any factor in the pre-test and four did not load on any factor 

in the post-test. On both the pre- and post-tests, the items “I am good at science” and “I like to 

learn about science outside of school” did not load strongly on any factor. These items were 

removed and the factor analyses for both the pre-test and post-test were re-run. In this analysis, 

“Science does NOT make the world a better place” did not load on a factor in the pre-test or the 

post-test; in addition, “People like me can be scientists” and “I like to use science to solve 

problems” did not load on a factor on the post-test. These items were excluded from both the pre-

test and the post-test datasets, and the exploratory factor analysis was conducted again. The final 

factor model showed a 3-factor solution that accounted for 60% of the variance in the pre-test 

and 67% in the post-test. The final factor analyses can be seen in Tables 14 and 15. 
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Table 12: Science identity pre-test factor analysis initial solution (pattern matrix) 

 Factor loadings1 

Items Factor 1 Factor 2 Factor 3 

My family thinks of me as a science person 0.82   

My friends think of me as a science person 0.78   

I consider myself a science person 0.76   

I want to be a scientist when I am older 0.75   

I am interested in pursuing a career in a scientific field 0.75   

My teacher thinks of me as a science person 0.74   

I am interested in joining a science club or group 0.66   

I like to read books, watch TV shows, or read 

websites about science 

0.57   

People like me can be scientists 0.50   

I like to use science to solve problems 0.47   

I am good at science    

People use science to understand the world  0.74  

Science helps people solve problems  0.69  

Science does NOT make the world a better place 

(reverse coded) 

   

Science is boring (reverse coded)   -0.79 

I enjoy science   -0.76 

Science is interesting   -0.74 

Science is NOT important to me (reverse coded)   -0.65 

Science is my favorite subject in school   -0.55 

Science is NOT for me (reverse coded)   -0.46 

I like to learn about science outside of school    

Eigenvalues 10.4 1.6 1.1 

Percent of total variance explained 47.5 5.5 3.4 
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 56.3% 
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Table 13: Science identity post-test factor analysis initial solution (pattern matrix) 

 Factor loadings1 

Items Factor 1 Factor 2 Factor 3 

My family thinks of me as a science person 0.97   

My friends think of me as a science person 0.90   

I consider myself a science person 0.77   

My teacher thinks of me as a science person 0.71   

I am interested in pursuing a career in a scientific field 0.69   

I want to be a scientist when I am older 0.63   

I like to read books, watch TV shows, or read 

websites about science 

0.57   

I am interested in joining a science club or group 0.51   

I like to learn about science outside of school 0.48   

I am good at science    

Science helps people understand the world  0.82  

Science helps people solve problems  0.79  

People like me can be scientists    

Science does NOT make the world a better place 

(reverse coded) 

   

Science is boring (reverse coded)   -0.87 

I enjoy science   -0.75 

Science is NOT for me (reverse coded)   -0.70 

Science is interesting   -0.67 

Science is NOT important (reverse coded)   -0.66 

Science is my favorite subject in school   -0.58 

I like to use science to solve problems    

Eigenvalues 11.7 1.6 1.1 

Percent of total variance explained 54.0 5.6 3.7 
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 63.3% 
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Table 14: Science identity pre-test final factor analysis (pattern matrix) 

 Factor loadings1 

Items Factor 1 Factor 2 Factor 3 

My family thinks of me as a science person 0.81   

My friends think of me as a science person 0.77   

I consider myself a science person 0.76   

I am interested in pursuing a career in a scientific field 0.74   

My teacher thinks of me as a science person 0.72   

I want to be a scientist when I am older 0.72   

I am interested in joining a science club or group 0.65   

I like to read books, watch TV shows, or read 

websites about science 

0.56   

People use science to understand the world  0.73  

Science helps people solve problems  0.64  

Science is boring (reverse coded)   -0.80 

I enjoy science   -0.80 

Science is interesting   -0.79 

Science is NOT important to me (reverse coded)   -0.68 

Science is my favorite subject in school   -0.57 

Science is NOT for me (reverse coded)   -0.48 

Eigenvalues 8.2 1.5 1.1 

Percent of total variance explained 48.8 6.9 4.1 
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 59.8% 
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Table 15: Science identity post-test final factor analysis (pattern matrix) 

 Factor loadings1 

Items Factor 1 Factor 2 Factor 3 

My family thinks of me as a science person 0.99   

My friends think of me as a science person 0.90   

I consider myself a science person 0.74   

My teacher thinks of me as a science person 0.69   

I am interested in pursuing a career in a scientific field 0.67   

I want to be a scientist when I am older 0.64   

I like to read books, watch TV shows, or read 

websites about science 

0.52   

I am interested in joining a science club or group 0.50   

Science helps people solve problems  0.82  

Science helps people understand the world  0.75  

Science is boring (reverse coded)   -0.89 

I enjoy science   -0.81 

Science is interesting   -0.72 

Science is NOT for me (reverse coded)   -0.71 

Science is NOT important (reverse coded)   -0.64 

Science is my favorite subject in school   -0.62 

Eigenvalues 9.2 1.3 1.1 

Percent of total variance explained 55.5 6.4 4.7 
1 Principal axis factor analysis with Oblimin rotation. Only factors with eigenvalues greater 

than 1 and items with factor loadings greater than 0.45 were retained in the final factor 

structure. Items coded on 5-point scales of 1 = strongly disagree to 5 = strongly agree. 
2 Total cumulative percent of variance explained = 66.6% 

 

Factor 1 contains 8 items encompassing one’s present and future goals pertaining to 

science (pursuing a science career, joining a club, etc.) and an assessment of others’ perception 

of the respondent as belonging to an implied group of “science people.” This factor was named 

“Science self.” Factor 2 contains two items related to the utility of science – specifically, other 

people’s relationship to science as a tool for understanding the world and solving problems. This 

factor was named “Science usefulness.” The items on Factor 3 indicate an enjoyment of science 

as a subject; this factor was named “Science enjoyment.” Following the factor analyses, 

Cronbach’s α coefficients were calculated to establish internal consistency of each factor (Tables 

16 and 17). All factors had adequate reliability.   
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Table 16: Reliability analysis of variables measuring science identity (pre-test) 

 

Mean 

Std. 

dev. 

Item-Total 

Correlationa 

Alpha if 

item 

deletedb 

Cronbach’s 

Alphac 

Factor 1d     0.91 

I want to be a scientist when I am older 2.26 1.12 0.75 0.90  

I like to read books, watch TV shows, 

or read websites about science 

2.90 1.21 0.57 0.91  

I consider myself a science person 2.59 1.16 0.81 0.89  

My friends think of me as a science 

person 

2.19 1.15 0.67 0.90  

My family thinks of me as a science 

person 

2.51 1.16 0.79 0.89  

My teacher thinks of me as a science 

person 

2.77 1.03 0.67 0.90  

I am interested in pursuing a career in a 

scientific field 

2.63 1.18 0.74 0.90  

I am interested in joining a science 

club or group 

2.29 1.07 0.70 0.90  

Factor 2d     0.76 

Science helps people understand the 

world 

4.08 0.95 0.62 .  

Science helps people solve problems 3.83 1.00 0.62 .  

Factor 3d     0.88 

I enjoy science 3.70 0.99 0.77 0.85  

Science is my favorite subject in school 2.59 1.17 0.60 0.88  

Science is NOT for me (reverse coded) 3.17 1.30 0.64 0.88  

Science is NOT important (reverse 

coded) 

3.77 1.10 0.73 0.86  

Science is boring (reverse coded) 3.59 1.25 0.75 0.86  

Science is interesting 3.86 1.04 0.73 0.86  
aPearson’s correlation coefficient between score on individual variable and sum of scores on 

remaining variables.  
bCronbach’s alpha when removed from scale. 
cReliability coefficient for how well a set of variables measures a single unidimensional latent 

construct. 
dVariables coded on a 5-point scale of 1 = “Strongly disagree” to 5 = “Strongly agree.” 
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Table 17: Reliability analysis of variables measuring science identity (post-test) 

 

Mean 

Std. 

dev. 

Item-Total 

Correlationa 

Alpha if 

item 

deletedb 

Cronbach’s 

Alphac 

Factor 1d     0.94 

I want to be a scientist when I am older 2.18 1.09 0.76 0.93  

I like to read books, watch TV shows, 

or read websites about science 

2.71 1.17 0.74 0.93  

I consider myself a science person 2.45 1.09 0.86 0.92  

My friends think of me as a science 

person 

2.16 1.09 0.80 0.92  

My family thinks of me as a science 

person 

2.34 1.20 0.84 0.92  

My teacher thinks of me as a science 

person 

2.65 1.09 0.68 0.93  

I am interested in pursuing a career in a 

scientific field 

2.57 1.14 0.79 0.92  

I am interested in joining a science 

club or group 

2.20 1.00 0.70 0.93  

Factor 2d     0.82 

Science helps people understand the 

world 

3.96 0.99 0.69 .  

Science helps people solve problems 3.70 1.04 0.69 .  

Factor 3d     0.92 

I enjoy science 3.49 1.08 0.83 0.89  

Science is my favorite subject in school 2.44 1.10 0.72 0.91  

Science is NOT for me (reverse coded) 2.98 1.27 0.77 0.90  

Science is NOT important (reverse 

coded) 

3.66 1.12 0.70 0.91  

Science is boring (reverse coded) 3.44 1.12 0.82 0.89  

Science is interesting 3.66 1.11 0.73 0.90  
aPearson’s correlation coefficient between score on individual variable and sum of scores on 

remaining variables.  
bCronbach’s alpha when removed from scale. 
cReliability coefficient for how well a set of variables measures a single unidimensional latent 

construct. 
dVariables coded on a 5-point scale of 1 = “Strongly disagree” to 5 = “Strongly agree.” 

Science self scores varied somewhat by teacher (one-way ANOVA, [F(6, 359) = 6.88, p  

However, change in these three variables did not differ significantly by teacher. 
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Table 18: Mean science identity factor pre-test, post-test, and change scores by teacher  

Teacher 

Mean 

pre sci 

self 

Mean 

post sci 

self 

Mean 

sci self 

change 

Mean 

pre sci 

use 

Mean 

post sci 

use 

Mean 

sci use 

change 

Mean 

pre sci 

enjoy 

Mean 

post sci 

enjoy 

Mean sci 

enjoy 

change 

T1 2.37a 2.71ab 0.33b 3.12ab 3.32b 0.19b 3.62a 3.83ab 0.21a 

T2 2.22a 2.21a -0.01ab 2.98a 2.84ab -0.14ab 3.74a 3.85ab 0.03a 

T3 2.46ab 2.08a -0.38a 2.99ab 2.50a -0.50a 3.67a 3.45a -0.20a 

T4 2.58ab 2.50ab -0.07ab 3.66ab 3.56b -0.11ab 4.09a 3.91ab -0.18a 

T5 3.12b 3.14b -0.05ab 3.78b 3.61b -0.19ab 4.22a 4.11ab -0.11a 

T6 2.48ab 2.23a  -0.25a 3.27ab 2.99ab -0.28ab 4.07a 4.24b 0.18a 

T7 2.75ab 2.72ab -0.04ab 3.10ab 3.10ab -0.01ab 4.14a 4.08ab -0.08a 

F 6.90 9.13 4.84 7.90 11.24 3.08 3.95 3.93 1.65 

p <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.13 

TOTAL 2.61 2.51 -0.09 3.43 3.26 -0.18 4.00 3.92 -0.09 
a, b, c Means with different superscripts within a column differ at the α = 0.05 level, based on one-

way ANOVA results and Scheffé’s post-hoc test.  

Knowledge scores  

Correct answers for each of the 10 knowledge questions were recoded as 1; all incorrect 

responses and “I don’t know” responses were coded 0. The count of correct responses was saved 

as a total score variable on both the pre-test and the post-test. The pre-test total was subtracted 

from the post-test total and saved as the knowledge change variable. A one-way ANOVA test 

indicated significantly different knowledge score changes by teacher (Figure 10) at the α = 0.05 

level [F(6, 343) = 9.47, p < 0.01]. 
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Figure 10: Mean change in students’ knowledge score by teacher  

 

a, b, c Means with different superscripts differ at the α = 0.05 level, based on one-way ANOVA 

results and Scheffé’s post-hoc test.  

Hypothesis 1: The Hummingbird Project will significantly increase students’ connectedness 

to nature, science identity, and knowledge of hummingbirds.  

As discussed below, hypothesis 1 was supported for knowledge of hummingbirds, but not 

for connectedness to nature or science identity. 

Hierarchical linear modeling 

 Hierarchical linear modeling (HLM) is a statistical procedure that allows researchers to 

acknowledge the hierarchical nature of their data (Heck, Thomas, & Tabata, 2014); in this 

research, students are “nested” within classrooms, and those classrooms are nested within 

teachers. No two teachers were in the same school, which confounds the effect of the school (and 

the school’s socioeconomic status) with the effect of the teacher. 

HLM allows the researcher to investigate how the dependent variables (in this research: 

science identity, nature connectedness, and knowledge scores) are affected by independent 

variables at the individual level and at one or more group levels. For example, independent 
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variables at the individual level (age, gender, nature involvement, etc.) and independent variables 

at the group (classroom and teacher) levels may concurrently affect dependent variables.  

Unlike ordinary least squares (OLS) regression, which assumes fixed slopes and 

intercepts, HLM allows slopes and intercepts to vary (Heck et al., 2014). The effects of the 

independent variables on science identity, nature connectedness, and content knowledge may be 

different across different teachers and across different classrooms.  

 The first step in HLM is determining if HLM is necessary. If there is significant within-

group variation at the teacher level (are mean changes in student scores for each teacher equal?), 

or at the classroom level (do teacher A’s first period scores differ from the scores of her other 

class periods?), or both, then HLM must be performed. Variance in scores between and within 

teachers must be calculated and significant differences must be established for all six dependent 

variables: change in knowledge score, change in eco-affinity score, change in eco-awareness 

score, change in science self score, change in science usefulness score, and change in science 

enjoyment score.  

 To determine whether changes in scores differed significantly among teachers, one-way 

ANOVA tests were performed. There was a statistically significant difference in mean scores 

between teachers for knowledge change (F(6,343) = 9.47, p < 0.01), science self (F(6,358) = 

4.13, p < 0.01), and science usefulness (F(6,341) = 2.77, p = 0.01). There were no significant 

differences between teachers for change scores for either nature connectedness factor or for 

science enjoyment; therefore, there is little evidence that HLM would improve these models. 

To determine whether changes in scores differed significantly between each teacher’s 

class periods, one-way ANOVA tests were performed. Two teachers had only one class period 
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participating in the Hummingbird Project; clearly, no comparisons between their class periods 

could be made. Additionally, three class periods had fewer than 10 students; these class periods 

were excluded from their respective ANOVAs. Surprisingly, only one teacher had statistically 

significant differences in change scores between class periods. These classroom-level results 

provided little evidence that class period significantly related to change in scores; only one 

teacher had one class period that differed significantly from her others. Therefore, based on these 

results, only two levels are needed for the HLMs (individual and teacher). 

An additional initial test to determine whether HLM is appropriate is to assess the 

intraclass correlation (ICC). The ICC for this research is the ratio of variance between groups at 

the teacher level to variance within those groups (Tabachnick & Fidell, 2006). A large ICC value 

implies that there was a violation in the assumption of independence of errors; the errors are 

correlated, and the grouping level matters. A small ICC value would indicate that only a small 

amount of variance in the dependent variable (knowledge score change, science self, and science 

usefulness) lies across teachers (Heck et al., 2014). ICC values around 5% imply that HLM will 

contribute little to the overall fit of the model.  

 The ICC is calculated using the two-level intercept-only model (that is, only the 

dependent variable and the teacher-level variables are entered in to the model) by the equation 

𝜌 =  𝜎𝐵
2/(𝜎𝐵

2 +  𝜎𝑊
2 ) where 𝜎2 represents the variance, B is between group variance, and W is 

within group variance (Heck et al., 2014).  

For change in knowledge score, 𝜌 = 0.18, suggesting 18% of the variance in change in 

knowledge score lies between teachers and HLM is appropriate. For change in science self, 𝜌 = 

0.11, suggesting 11% of the variance in change in science self lies between teachers, and HLM is 
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appropriate. For change in science usefulness, 𝜌 = 0.05, suggesting 5% of the variance in change 

in science usefulness lies between teachers, and HLM may be appropriate.   

As a cross-check, ICCs were calculated for the remaining dependent variables that were 

excluded from HLM analysis because of insignificant p-values from one-way ANOVA tests 

(science enjoyment, eco-affinity, and eco-awareness). These ICCs were all less than 0.01, 

indicating less than 1% of the variance in change in these items lay between teachers and 

confirming that HLM would not meaningfully improve the models for these data. 

We evaluated whether the Hummingbird Project had any influence on knowledge, 

science self, and science usefulness by fitting an intercept-only linear mixed effects model to the 

change in each factor (post-test score – pre-test score). Models were fit using the lme() function 

in the nlme R package. In each model, teacher was included as a random effect to account for 

lack of independence among students with the same instructor.  

 There was no statistical evidence for change in science self after accounting for the 

teacher level effect (M = -0.08, SE = 0.07, p = 0.30). There is evidence that change in science 

usefulness was negative (M = -0.17, SE = 0.07, p = 0.02) and that change in knowledge score 

was positive (M = 3.95, SE = 0.38, p < 0.01).  

Nature connectedness  

Because HLM was deemed unnecessary for eco-affinity and eco-awareness, these 

constructs can be examined at the individual level.   

 Eco-affinity pre-test and post-test scores were relatively normally distributed, with pre-

test skewness = -0.45 (SE = 0.13) and kurtosis = 0.01 (SE = 0.26).  Post-test skewness = -0.39 

(SE = 0.13) and kurtosis = -0.20 (SE = 0.26). The mean pre-test scores were M = 3.45 (SD = 
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0.83) and M = 3.41, (SD = 0.90) on the post-test. The mean change in eco-affinity was -0.04; a 

change that was not statistically significant (paired sample t-test, t(361)=1.25, p = 0.21).   

 Eco-awareness pre-test and post-test scores were both strongly left-skewed. The pre-test 

skewness was -1.67 (SE = 0.13) and kurtosis was 3.90 (SE = 0.26). The post-test skewness was   

-2.03 (SE = 0.13) and kurtosis was 5.63 (SE = 0.26). The pre-test mean was 4.42 (SD = 0.58) and 

the post-test mean was 4.43 (SD = 0.64) on a 5-point scale. However, the distribution of the 

difference in scores was normal (skewness = -0.57 (SE = 0.13); kurtosis = 8.18 (SE = 0.26), so a 

paired t-test was performed. There was no significant change in eco-awareness score (paired 

sample t-test, t(362) = -0.17, p = 0.86).  

 As seen in Table 19, nature connectedness scores and changes in these scores for both 

factors did not vary by gender.  

Table 19: Comparison of nature connectedness scores between female and male students 

 Female M (SD) Male M (SD) t df p 

Pre-test eco-affinity 3.42 (0.85) 3.47 (0.88) -0.46 355.0 0.64 

Post-test eco-affinity 3.47 (0.88) 3.36 (0.91) 1.10 355.0 0.27 

Eco-affinity change 0.03 (0.59) -0.10 (0.73) 1.81 290.6 0.07 

Pre-test eco-awareness 4.39 (0.64) 4.47 (0.52) -1.24 354.5 0.22 

Post-test eco-awareness 4.46 (0.57) 4.42 (0.70) 0.58 293.9 0.57 

Eco-awareness change 0.05 (0.05) -0.05 (0.65) 1.70 289.7 0.09 

  

Mean change in eco-awareness did not vary across ages (each discrete year was treated 

as a “group.” Age 17 was excluded because there were only 2 respondents.) (one-way ANOVA, 

F(6, 354) = 0.71, p = 0.69).  

 There was a strong positive correlation between nature involvement and pre-test eco-

affinity (r = 0.62, p < 0.01) and a moderate correlation between nature involvement and pre-test 
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eco-awareness (r = 0.34, p < 0.01). Similarly, there was a strong positive correlation between 

science involvement and pre-test eco-affinity (r = 0.50, p < 0.01) and a moderate correlation with 

pre-test eco-awareness (r = 0.34, p < 0.01).  

Science identity 

Results of HLM indicate that there was no significant change in science self and that 

there was a slightly negative change in science usefulness.  

 For science enjoyment, both the pre-test and post-test data were slightly left skewed; pre-

test skewness was -0.88 (SE = 0.13) and kurtosis was 0.75 (SE = 0.26), while post-test skewness 

was -0.72 (SE = 0.26) and kurtosis was 0.39 (SE = 0.26).  The mean on the pre-test was M = 

4.00, (SD = 0.80) and the mean on the post-test was M = 3.92 (SD = 0.84). The mean change in 

science enjoyment was -0.09, which was statistically significant (paired t-test, t(351) = 2.29, p = 

0.02).  

 None of the three science identity factors exhibited different mean levels of change 

between genders, nor were there significant between gender differences on pre-test or post-test 

scores for science self or science usefulness. However, pre-test science enjoyment scores were 

higher for students identifying as male (M = 4.11, SD = 0.81) than female (M = 3.92, SD = 0.81) 

(independent samples t-test, t(349), p = 0.03). Notably, post-test science enjoyment scores did not 

differ between genders.  

 Science involvement – participating in science activities outside of school – was strongly 

correlated with pre-test science self (r = 0.67, p < 0.01) and pre-test science usefulness (r = 0.53, 

p < 0.01). Science involvement was moderately correlated with pre-test science enjoyment (r = 

0.37, p < 0.01).  
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Having a family member as a scientist corresponded to higher pre-test science self scores 

(M = 2.89, SD = 1.04) than not having a scientist in the family (M = 2.56, SD = 0.83) 

(independent samples t-test, t(65.16) = 2.17, p = 0.03). Similarly, a scientist in the family 

resulted in a higher post-test science self score (M = 2.81, SD = 1.00) than not having one (M = 

2.47, SD = 0.87) (independent samples t-test, t(363) = 6.59, p = 0.01). Having a scientist in the 

family did not effect change in scores, however (independent samples t-test, t(362) = 0.14, p = 

0.89).  

The effect of having a teacher in the family was significantly related to science identity: 

students with a teacher in their family had higher scores on the pre-test and the post-test for each 

science identity factor (Table 20). Interestingly, a teacher in the family did not relate to change in 

these variables.  

Table 20: Comparison of science identity scores for students with and without a teacher in their 

family 

 Teacher* M (SD) No teacher M (SD) t df p 

Pre-test science self 2.84 (0.88) 2.51 (0.85) 3.50 353 <0.01 

Post-test science self 2.70 (0.93) 2.45 (0.85) 2.46 353 0.01 

Pre-test science usefulness 3.61 (0.81) 3.34 (0.99) 2.60 346 0.01 

Post-test science usefulness 3.45 (0.91) 3.18 (1.00) 2.57 344 0.01 

Pre-test science enjoyment 4.21 (0.72) 3.89 (0.87) 3.71 347 <0.01 

Post-test science enjoyment 4.06 (0.70) 3.68 (0.87) 2.15 345 0.03 

* Having a teacher in the family  

Content knowledge scores  

The mean knowledge score on the pre-test was 0.83 on the 10-point scale. From this, it is 

clear that students did not come in to the Hummingbird Project with much knowledge about 

hummingbirds and pollinators. The highest score for any respondent on the pre-test was 4.0. 
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These data support hypothesis 1; the post-test scores were significantly higher than pre-test 

scores (paired t-test, t(349)=-33.13, p < 0.01). Based on the results of HLM, average change in 

knowledge across all students was estimated as 3.95, which was significantly greater than zero (p 

< 0.01). The highest score on the post-test was 8.  

Having a scientist in the family resulted in a higher knowledge change scores (M = 4.38, 

SD = 2.22) than not having a scientist in the family (M = 3.70, SD = 2.12) (independent samples 

t-test, t(347) = 0.67, p = 0.03). 

Hypothesis 2: Effects will be largest for content knowledge, moderate for science identity, 

and smallest for nature connectedness.  

Change in content knowledge was significantly greater than zero. There was no evidence 

that change in science self was greater than zero. Science usefulness decreased by a mean of        

-0.17 (p = 0.02). Science enjoyment scores decreased by 0.09 (paired t-test, t(351)=2.29, p = 

0.02); however, the effect size for this change was very small (Cohen’s d = 0.11). A “minimal” 

effect size, according to Vaske (2008), is 0.2. Neither of the two nature connectedness item 

changed significantly between the pre-test and the post-test.  Based on these results, hypothesis 2 

is only partially supported; knowledge did increase.  
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Additional analyses 

 Given the data I collected, I conducted additional analyses to explore the relationships 

amongst the constructs. Additionally, I explored the relationships between students’ perception 

of the citizen science aspect of the project and their evaluation of the Hummingbird Project with 

the constructs.  

Relationships between constructs  

On the pre-tests, science self was strongly correlated with eco-affinity and moderately 

correlated with eco-awareness (Table 21). Science usefulness was strongly correlated with eco-

affinity and moderately correlated with eco-awareness. Science enjoyment was moderately 

correlated with both eco-awareness and eco-affinity. Knowledge was weakly correlated with all 

other factors.  

Table 21: Pearson’s bivariate correlations between pre-test science identity, nature 

connectedness, and knowledge scores.  

 1 2 3 4 5 

1. Science self      

2. Science usefulness 0.69**     

3. Science enjoyment 0.48** 0.53**    

4. Eco-affinity 0.51** 0.57** 0.46**   

5. Eco-awareness 0.37** 0.37** 0.49** 0.59**  

6. Knowledge 0.15** 0.13* 0.14** 0.18** 0.16** 

*p < 0.05 

**p < .01 

 

 On the post-tests, science self and science usefulness were strongly correlated with eco-

affinity (Table 22). Science enjoyment was strongly correlated with eco-awareness. Knowledge 
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scores were moderately correlated with all science identity factors and both nature connectedness 

factors.  

Table 22: Pearson’s bivariate correlations between post-test science identity, nature 

connectedness, and knowledge scores.  

 1 2 3 4 5 

1. Science self      

2. Science usefulness 0.76**     

3. Science enjoyment 0.50** 0.53**    

4. Eco-affinity 0.55** 0.56** 0.41**   

5. Eco-awareness 0.33** 0.41** 0.51** 0.58**  

6. Knowledge 0.39** 0.34** 0.35** 0.34** 0.37** 

*p < 0.05 

**p < 0.01 

 

Interestingly, change in all science identity factors were positively correlated with change 

in both nature connectedness factors (Table 23). There were weak positive correlations between 

change in knowledge score and change in both nature connectedness factors. 

Relationship between students’ evaluation of the project and construct changes  

Only weak correlations existed between change in construct scores and the evaluative 

questions of the project (Table 23). Most notably, change in science enjoyment was positively 

correlated with each evaluative question, and change in eco-affinity was poistively correlated 

with both questions related to birds. Knowledge change was moderately correlated with learning 

from watching lectures and was weakly correlated with the other evaluative questions.  
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Table 23: Pearson’s bivariate correlations between change in science identity, nature 

connectedness, and knowledge and evaluation of the hummingbird project  

 1 2 3 4 5 6 7 8 9 10 

1. Science self change           

2. Science use change 0.48**          

3. Science enjoy 

change 
0.15** 0.19**        

 

4. Eco-affinity change 0.36** 0.45** 0.14**        

5. Eco-awareness 

change 
0.15** 0.14** 0.21** 0.34**      

 

6. Project was fun 0.12* 0.21** 0.10 0.18** 0.11*      

7. Project was boring -0.10 -0.23** -0.10 -0.12** 0.00 -0.73**     

8. I enjoyed watching 

birds 
0.18* 0.24** 0.14* 0.23** 0.12* 0.67** -0.55**   

 

9. Learned watching 

birds 
0.14* 0.21** 0.11* 0.21** 0.09 0.59** -0.47** 0.69**  

 

10. Learned watching 

lectures 
0.13* 0.21** 0.13* 0.16** 0.11 0.47** -0.29** 0.41** 0.42** 

 

11. Knowledge change 0.07 0.16** 0.20** 0.16** 0.18* 0.28** -0.14** 0.24** 0.26** 0.34** 

*p < 0.05 

**p < 0.01 

 

 

Perceptions of citizen science and change in construct scores 

As seen in Table 24, the citizen science aspect of the Hummingbird Project had several 

significant correlations with change in the constructs of interest. Most notably, there were 

moderate correlations between a student feeling like they could be a scientist and change in both 

science usefulness and eco-awareness. Interestingly, there were moderate correlations between 

every evaluative question about citizen science and the change in knowledge score.  

  



Page 67 

 

Table 24: Pearson’s bivariate correlations between change in science identity, nature 

connectedness, and knowledge scores and perceptions of the project as citizen science  

 1 2 3 4 5 6 7 8 9 10 

1. Science self 

change 
          

2. Science usefulness 

change 
0.48**          

3. Science enjoyment 

change 
0.15** 0.19**         

4. Eco-affinity 

change 
0.36** 0.45** 0.14**        

5. Eco-awareness 

change 
0.15** 0.14** 0.21** 0.34**       

6. Change in 

knowledge score 
0.07 0.15** 0.05 0.16** 0.18**      

7. CS1 more 

motivated 
0.15** 0.21** 0.09 0.26** 0.12* 0.33**     

8. CS1 want to collect 

more data 
0.17** 0.24** 0.10 0.31** 0.13* 0.24** 0.75**    

9. CS1 think HBP 

was important 
0.15** 0.26** 0.15* 0.27** 0.15** 0.29** 0.74** 0.69**   

10. CS1 think HBP 

was useful 
0.12* 0.22** 0.08 0.26** 0.11 0.26** 0.66** 0.63** 0.79**  

11. CS1 feel I could be 

scientist  
0.21** 0.30** 0.07 0.32** 0.05 0.26** 0.53** 0.57** 0.54** 0.50** 

1 = Citizen science made me…  

*p < 0.05 

**p < 0.01 
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Discussion  

In this section, I will discuss the implications of the effects of the Hummingbird Project 

and situate my results within the context of related the literature. 

Nature connectedness  

Factor analyses and Cronbach’s α results on the Children’s Environmental Perceptions 

Scale, with the exception of two items, mirror the original results found by Larson et al. (2011) 

and further support the reliability to this instrument.  

Children’s connection with nature was unaffected by participating in the Hummingbird 

Project. This may be due to a ceiling effect, at least for eco-awareness; scores on the pre- and 

post-tests were over 4.3 on the 5-point scale. Children’s relatively high scores for both affective 

and cognitive relationships to nature are promising; nature connectedness is associated with 

environmentally responsible behaviors, both in childhood and in adulthood, and these scores are 

likely indicative of a cohort of environmentally minded children who may be environmentally 

responsible in adulthood (Chang & Monroe, 2012; Chawla & Cushing, 2007; Mayer & Frantz, 

2004; Sia et al., 1986; Wells & Lekies, 2006).  

Brief, mandatory environmental education programs may not affect connectedness to 

nature much. Bergman (2016) used a modified version of the CEPs scale to monitor changes in 

nature connectedness in fourth-, fifth-, and seventh-grade students after participating in grade-

specific environmental education programs that lasted throughout the school year. She found that 

fourth- and fifth-grade students’ eco-impact awareness (similar to “eco-awareness” in my study) 

increased (although other factors did not); however, similar to my findings, seventh-grade 

students’ scores did not change on any of the nature connectedness factors studied. In another 
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study, Ernst and Theimer (2011) administered two different nature connectedness scales (the 

Children’s Connection to Nature Index by Cheng (2008) and the Nature Connectedness 

Inventory, which they created themselves) to students participating in seven different 

environmental education programs located across the country that had a goal of connecting 

students to nature. They found no significant changes in nature connectedness using the 

Children’s Connection to Nature Index, even when comparing treatment groups to control 

groups. Using the Nature Connectedness Inventory, they found evidence that two environmental 

education programs may have led to higher nature connectedness scores; however, the remaining 

four treatment groups did not exhibit significant changes, nor did they have scores higher than 

the control groups. Thus, it may not be surprising that a relatively brief, science-focused program 

like the Hummingbird Project had no demonstrable effect on nature connectedness.  

Nature connectedness is likely a product of early childhood experiences in nature and 

familial engagement with the natural world, as well as cultural and socioeconomic influences. 

Larson et al. (2011) noted that children who expressed a positive evaluation of directly 

interacting with the outdoors scored higher on both subscales. They also found that children who 

spoke to their parents about nature scored higher on eco-affinity, but not on eco-awareness. 

Cheng and Monroe (2008) found a relationship between familial nature activities and higher 

nature connectedness scores. Although children were not asked on my survey whether they 

enjoyed direct interaction with nature, they were asked how frequently they explored nature and 

how often they talked about nature with their parents, among other, similar questions (the 

“nature involvement” score); their nature involvement score alone accounted for 38% of the 

variance in pre-test eco-affinity scores (but only 12% of pre-test eco-awareness). These findings 
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suggest that spending time outside, particularly with family members, influences children’s 

positive attitudes toward nature.  

The relative fixity of nature connectedness scores found throughout the literature in the 

context of environmental education interventions is perplexing. Perhaps our instruments are not 

sensitive enough to detect meaningful changes in this construct. That seems unlikely, given the 

breadth of instruments used and the consistency of findings. Perhaps our environmental 

education programs and interventions are ineffective. This, too, seems unlikely; the diversity of 

these programs in length, topic, and pedagogical style are unlikely to yield similar results. Most 

likely, nature connectedness is something that takes considerable time to develop. Schultz and 

Tabanico (2007) found that while implicit associations of self and nature are malleable, change 

requires repeated or long-term experiences – a finding necessitating the need for longitudinal 

studies that can detect changes in this construct over years, and to identify factors, interventions, 

or experiences that further connect students to nature. Bergman (2016) found that with increasing 

years of environmental education experience, students’ environmental appreciation and 

intentions for environmental learning and behavior increased slightly. Most research only 

examines nature connectedness at one or two points in time, often within weeks or months of 

each other. Therefore, in retrospect, expecting the Hummingbird Project to lead to change in 

nature connectedness may not have been realistic.  

Finally, and most critically, as is perhaps alluded to in the consistent finding that early 

childhood experiences and familial engagement in nature predict higher nature connectedness 

scores (Chawla & Cushing, 2007), nature connectedness should be studied in children younger 

than those we typically study. If, as is suggested in the literature, our feelings of connection to 
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nature largely form in the early childhood years, our interventions should be aimed at families 

with young children – particularly, those without the means or desire to engage in nature.   

Science identity  

Cole (2012) studied science identity among children participating in three museum-based 

science programs split into three 10-week sessions: science Minors, which taught students about 

science topics for three hours every Sunday; science Achievers, where students were taught to 

present scientific topics related to museum displays to visitors; and Graduates, a program for 

students who had completed the Achievers program and were offered internships at the museum. 

Cole (2012) found a 4.5% increase in science identity score for science Minors over the 10-week 

program. These findings were not replicated in the much shorter Hummingbird Project. Cole’s 

population was comprised of students who were voluntarily devoting their time to participate in 

science-based programs, rather than the general sample of students participating in the largely in-

class Hummingbird Project. Perhaps students who opt into programs have a greater propensity 

toward science and are inclined to increase their enjoyment of science as a result of these 

programs. Cole did not break out separate components of science identity, so it is not possible to 

determine whether the overall increase in science identity he observed was related to changes in 

what I call science self, versus science usefulness or science enjoyment.  

Similar to Cole’s (2012) findings, there were no significant differences in pre-test, post-

test, or change in science identity scores between genders, nor were there significant gender 

differences in interest in becoming a scientist (i.e., items within the science self factor of science 

identity). This result is promising, given the relative lack of women in STEM fields. Cole (2012) 

speculated that the similarity between boys and girls may either be attributable to female students 

not yet having experiences demonstrating that science is a male dominated field, or, more 
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hopefully, the changing social narrative about acceptable professions for women. It is interesting 

to consider that every teacher participating in the evaluation of the Hummingbird Project was 

female and the student that presented the project to the students was female. Perhaps female 

students saw their teachers’ and the undergraduate’s enthusiasm and ability to do science and 

viewed them as a role model – a “person like me” (woman or man) who can do science. It is also 

possible that the female respondents in my study had not yet reached the age where interest is 

lost in science.   

Interestingly, and contrary to most findings in the literature that students lose interest in 

science as they grow older (e.g., Archer et al., 2010; Aschbacher et al., 2010), all science identity 

factors were positively correlated with age. This may be attributed, partially, to two factors: the 

older students were in a high school with a relatively high socioeconomic status (only 17% of 

students at that school participate in a free or reduced lunch program, compared to the overall 

mean of schools in the Hummingbird Project, which was 45%. Students and schools with higher 

socioeconomic statuses tend to perform better academically (Sirin, 2005)), and these students 

rated their teacher as the most involved teacher (4.7 on a 5-point scale; the mean teacher 

involvement score was 4.3).  

Despite the lack of positive change in science identity factors, 27% of students indicated 

that participating in the Hummingbird Project made them at least modestly more interested in 

science. It is important to remember that it is unrealistic to expect every student to want a future 

career in a STEM field, and that one environmental education program is unlikely to have a 

tremendous effect on their career goals. However, no student should feel that they cannot pursue 

science because of their identity. It is our duty as scientists and educators to be inclusive, 

supportive, and encouraging. 
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Content knowledge  

A main goal of the Hummingbird Project was to teach students the importance of 

hummingbirds and how humans and other animals rely on pollinators to survive. As one student 

eloquently stated in the post-test, “Hummingbirds are important to pollination / Hummingbirds 

impact the environment in ways that are very important / Hummingbirds are important to our 

survival, as well as the survival of most other animals.”  

Participating in the Hummingbird Project led to an average 38% increase in content 

knowledge score, demonstrating that this project substantially increased students’ knowledge 

about those topics. The improvement varied considerably by teacher, from a low of 2.9 points 

(on the 10-point scale) to a high of 5.7 points. This variation is likely due to the implementation 

of the project and the curriculum the teacher used. Interestingly, the teacher whose students had 

the largest mean change in knowledge score implemented the Hummingbird Project into her 

physics class (other teachers used it in general science or biology classes). This teacher had her 

students make infographics about the project; perhaps these infographics focused on facts about 

hummingbirds, and that is why her students scored so highly on the knowledge questions, or 

taking physics as an elective attracts students who are already interested in science.  

Although the improvements in knowledge were notable, the mean score on the post-test 

was only 46%, far below a conventional “passing” grade. This raises the question of how 

effective the curriculum is. To answer this question, I looked at other environmental education 

and citizen science projects. Bradley et al. (1999) and Jordan et al. (2011) found knowledge 

score changes just above 20% in a 10-day environmental education program and citizen science 

program, respectively. The Hummingbird Project results were better than either of those studies. 

However, my findings are consistent with other results reported in the literature. For example, 
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students in Jordan et al.’s (2011) study had a mean post-test score of 45%. Similarly, Houseal, 

Abd-El-Khalick, and Destefano (2013) found mean post-test scores ranging from 40-55% for 

participants in their treatment groups. 

Age and change in knowledge score were positively correlated. This result could be 

spurious, if the fact that the older students attended a school with a higher mean socio-economic 

status corresponds to more effective education or more involvement on the part of students. It 

could also be a result of a practice effect – perhaps they remembered the questions from the pre-

test and paid attention to learning that information (McCabe, Langer, Borod, & Bender, 2011). 

Change in knowledge score was weakly, but significantly, correlated with change in both 

nature connectedness factors; among students for whom the Hummingbird Project motivated 

learning, it also motivated nature connectedness, even though the overall nature connectedness 

scores did not change to a significant degree. Bradley et al. (1999) found that students having a 

more favorable attitude toward the environment on both the pre-test and the post-test scored 

higher on the knowledge test than those with less favorable attitudes. Cheng and Monroe (2012) 

similarly found a correlation between knowledge of the environment and higher nature 

connectedness scores. This suggests that either connection to nature leads students to pursue 

information about nature, or that learning about nature increases one’s awareness and interest in 

it.  

There were only weak relationships between pre-test science identity factors and change 

in knowledge scores, suggesting that identifying with science does not strongly influence the 

ability to recall and understand nature-based content knowledge, and learning facts does not 

necessarily increase science identity.  
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Recommendations for improvement of the Hummingbird Project 

The most common complaint from teachers was that they did not have enough time to 

collect data and use those data for analysis. An easy change to the project would be to do data 

collection earlier in the year to allow time at the end for analysis; Rufous hummingbirds arrive in 

Oregon in March and April (Oregon State Extension, 2006).  

Teachers indicated that more feedback and input from the researchers would be beneficial 

to the project. There are many methods available to further connect students to researchers, such 

as online platforms, videos, and classroom visits. Ideally, researchers could routinely visit 

classrooms to talk about the project and to answer students’ questions. This would be logistically 

challenging, however, given the time frame of the project and the number of classrooms 

participating. More realistically, other methods of student-researcher communication could be 

implemented.  

Programs like PlantingScience (https://www.plantingscience.org/) have students interact 

with researchers in online forums while leading their own investigations. Individuals or groups 

of students post questions and observations about the investigations they are leading, and 

scientists respond to their questions and comments (PlantingScience, n.d.). These programs are 

met with incredible enthusiasm from students; they love the opportunity to work with real 

scientists (Musante, 2006). Using this as a framework, developing a web-based forum for 

students to ask questions to researchers and receive feedback would likely retain interest longer 

than the project currently does (many teachers report students lose interest monitoring 

hummingbirds at home with no incentive, particularly those who saw no hummingbirds). There 

is evidence from this research that students’ motivation to participate in the Hummingbird 

Project increased by simply knowing their data would be used by scientists. Interacting with a 

https://www.plantingscience.org/
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scientist in a platform like PlantingScience may have an even stronger effect on motivation, 

particularly for students with little support at home or for those who have never met or seen a 

scientist. The researchers would likely benefit from more data, as well, if more students are 

engaged and feel like they are genuinely contributing to the project.  

Implementation of web-based communications between researchers and students would 

be difficult without a drastic expansion of resources to the Hummingbird Project – it would be 

extraordinarily time consuming to have two or three scientists communicate with several 

hundred students at once. More realistically, the researchers could record videos to send out to 

the participating classrooms. These videos could explain how the students’ data were used, or 

could talk about pollinators and habitat fragmentation generally. This method would be the most 

time and cost effective given current limitations.  

Another possible improvement to the Hummingbird Project would be to expand the 

curricula to meet NGSS standards for different grades and biology-related subjects. Many 

teachers expressed concerns about fitting the project into their standards. At the follow-up 

professional development workshop in June of 2016, teachers shared the ways they incorporated 

the project into their classrooms with each other and brainstormed new ideas for implementation. 

Giving handouts to newly recruited teachers with brief explanations of the ways the project has 

been incorporated in the past, along with the NGSS standards those investigations met, could 

make the project more appealing and increase participation.  

Given that teachers have constrained flexibility in their curricula and the documented 

lack of home support for students (65% of students said their family did not help them with the 

Hummingbird Project and several teachers reported their students had “less than ideal” situations 

at home, though this may be a bias the teachers hold, based on socioeconomic considerations or 
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racial/ethnic norms), expanding the Hummingbird Project to afterschool and informal education 

programs may alleviate several issues in the current implementation of the project. Harlen (2001) 

advises that students should plan their own science investigations 5-6 times a year. This 

recommendation might be impossible for teachers to meet in addition to their other curricular 

and time constraints. Afterschool and informal education programs may provide a supportive 

environment in which students can lead their own investigations without the added pressure of 

grades. Additionally, in an afterschool or informal education context, students would collect data 

on site rather than at home. This would solve the problem of poor data collection and return by 

students, but would limit the richness of geographic data for the citizen science aspect of the 

project (instead of poor data from many locations, there would be higher quality data from fewer 

locations).  

Recommendations for improvement of environmental education  

 Environmental education programs are widely assumed to have positive impacts on 

participants; however, these programs are rarely evaluated. If evaluation takes place at all, it is 

often of poor quality (Carleton-Hug & Hug, 2010). Because of this, environmental education 

programs should include evaluation in the planning of their programs and be sure to devote the 

resources and time necessary to complete mindful evaluations that specifically examine the 

successes and failures of the program in relation to its goals. Monroe (2010) suggested that 

program providers need access to evaluation websites and publications that instruct them on 

proper evaluation techniques, make evaluation more manageable, and make evaluation tools and 

results shareable.   

 Monroe (2010) poignantly summarized a problematic mindset in the environmental 

education community: we “stubbornly cling to the notion that educational programs that raise 
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awareness and provide excellent experiences can bring a host of glorious changes” (p. 195), and 

educators may believe that awareness and knowledge alone will lead to environmentally 

responsible behaviors (even when these behaviors are not taught) and interest in future 

conservation careers. Rather than assuming positive results will ensue, it is imperative that 

environmental education programs include behavioral change components that guide participants 

in acting to improve the environment, particularly if the programs are centered around a specific 

environmental problem. In the context of the Hummingbird Project, students could be taught 

specific behaviors and actions that would help hummingbirds and prevent further habitat 

fragmentation.  

Study limitations 

This study had several limitations. Many of the descriptive results are not generalizable 

beyond the study population, though certain relationships (such as the effect of knowing their 

data will be used by scientists on motivation and change in knowledge scores) may be 

transferable. Participants were not asked about their current behaviors with regard to the 

environment, nor were they directly asked if the Hummingbird Project made them more 

interested in being environmentally responsible. Interviews could not be conducted with children 

due to the project ending concurrently with the school year, and the author having no legal way 

to contact students. The qualitative data gleaned from those interviews could have shed light on 

several significant findings and provided valuable feedback on how to improve the 

Hummingbird Project in future years. Additionally, students could have been asked about their 

science mindedness – do they use scientific method to address problems? What do they consider 

“evidence” to be? Did they learn about using the scientific method during the project? 
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Another limitation was that the post-test was taken at the end of the school year – a time 

when students are less interested in school.  

The teachers who participated in this evaluation to participate in both the Hummingbird 

Project and the evaluation, and they were rated extremely highly by their students. This is 

potentially indicative of these teachers being high performers. If so, the results from their classes 

may represent the upper limit of the impact of the Hummingbird Project. It is possible that 

students in classes with less motivated or talented teachers would not experience the same effects 

as my participants did.  

The quasi-experimental design of this study (there were no control groups and no 

randomization of treatments) yields several limitations. Since treatments were not randomly 

assigned, and each teacher worked at a different school, I could not explore the effect of school 

environment on the constructs. Perhaps most importantly, I had no control over how teachers 

used the Hummingbird Project in their classrooms – I could not tell them how to incorporate it or 

how many hours to devote to it each week, for example, so I could not describe which 

implementation(s) of the project were most effective. Future evaluation of the Hummingbird 

Project should more carefully track implementation by teachers, perhaps via weekly check ins.  

Additionally, because I had no way of contacting students once the school year had 

ended, I had no ability to conduct a non-response bias check to see if the respondents and non-

respondents differed significantly in their answers.  

Future research 

 Evaluation of environmental education programs is essential to ensuring that the goals of 

the programs are met and that students are getting something out of the project. Continued 
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evaluation of the Hummingbird Project in future years will provide feedback on the efficacy of 

the project and will allow for comparison between the baseline (current) curriculum and the 

result of future modifications.  

 Quantitative research on science identity is sparse. Adaptations of the science identity 

instrument I used for younger students may be useful for identifying students who do not identify 

with science and to design interventions to change that perception.  

 Family has been found in this and other research to be essential in the formation of 

students’ science identity and nature connectedness. However, most research on nature 

connectedness takes place in adulthood or during adolescence and little quantitative research on 

science identity exists, particularly on its relationships with cultural identities and socioeconomic 

factors. These results suggest that both nature connectedness and science identity should be 

studied in younger populations. More specifically, interventions for families that would not 

normally interact with science and nature (but are interested in doing so) should be designed and 

evaluated.  

Conclusions  

Effective, meaningful, and engaging environmental education programs are necessary for 

connecting students to nature, providing opportunities to “do” science, and to deepen 

understandings of both science and the natural world. These skills and experiences, ideally, will 

create a science-minded, environmentally conscious next generation who will enter adulthood 

with a knowledge of the importance of science and conservation. The Hummingbird Project is an 

opportunity to provide such experiences to students.  
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This evaluation showed that the Hummingbird Project significantly increased knowledge, 

but that science identity and nature connectedness did not meaningfully change. It challenges 

some conclusions in the literature – specifically, that boys identify more strongly with science 

than girls – while it supports conclusions about the impact of family on science identity and 

nature connectedness.  
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Appendix B: Pre-test questions 

Q1 Hello! I am doing research about science education and I am interested in what you think as a 

student. I am asking you to answer some questions in two surveys. Each survey will last around 

15 minutes. We will write a report when the study is over, but we will not use your name in the 

report. We might also find out things that will help other children some day. If you want to be in 

the study, click the >> below. You do not have to be in the study if you do not want to. You can 

say Yes or No. Nothing bad will happen to you or your grades, and you will still be able to do 

the Hummingbird Project. If you do not want to do the survey, your teacher will give you a 

different activity that is like this one but not for my study. If you have any questions, please 

contact me at Katherine.Williams@oregonstate.edu. Thank you! 

 

Q2 What is your name? 

Q3 How old are you? 

Q4 Who is your teacher for this class? 

 Teacher A (1) 

 Teacher B (2) 

 Teacher C (3) 

 Teacher D (4) 

 Teacher E (5) 

 Teacher F (6) 

 Teacher G (7) 

 Teacher H (8) 

Q5 Which class period are you in? 

Q6 What is your gender? 

Q7 What is your race/ethnicity? 

Q8 Please rate how strongly you agree or disagree with the following statements.  
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 Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neither Agree 

nor Disagree 

(3) 

Agree 

(4) 

Strongly 

Agree (5) 

I enjoy science. (1) 
          

I like to use science to 

solve problems. (2)           

I want to be a scientist 

when I am older. (3)           

Science is my favorite 

subject in school. (4)           

Science does NOT make 

the world a better place. (5)           

My friends think of me as a 

science person. (11)           

I am good at science. (6) 
          

Science is interesting. (23) 
          

People like me can be 

scientists. (7)           

My teachers think of me as 

a science person. (13)           

Science is NOT for me. (8) 
          

I like to read books, watch 

tv shows, and/or read 

websites about science. (9) 
          

I consider myself a science 

person. (10)           

I consider myself an artsy 

person. (14)           

I consider myself an 

athletic person. (15)           
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I am interested in pursuing 

a career in a scientific field. 

(16) 
          

Science helps people solve 

problems. (17)           

Science helps people 

understand the world. (18)           

Science is NOT important 

to me. (19)           

I like to learn about science 

outside of school. (20)           

My family thinks of me as 

a science person. (12)           

I am interested in being 

part of a science club or 

group. (21) 
          

Science is boring. (22) 
          

 

 

 

Q9: Please rate how strongly you agree or disagree with the following statements.  

 Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neither 

Agree nor 

Disagree (3) 

Agree 

(4) 

Strongly 

Agree (5) 

I like to learn about plants 

and animals. (1)           

Plants and animals are 

important to people. (2)           

I like to read about plants 

and animals. (3)           

Plants and animals are easily 

harmed or hurt by people. 

(4) 
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I am interested in learning 

new ways to help protect 

plants and animals. (5) 
          

People need plants to live. 

(6)           

My life would change if 

there were no trees. (7)           

I would give some of my 

own money to help save wild 

plants and animals. (8) 
          

I would spend time after 

school working to fix 

problems in nature. (9) 
          

We need to take better care 

of plants and animals.  (10)           

I like to spend time in places 

that have plants and animals.  

(11) 
          

It makes me sad to see 

homes built where plants and 

animals used to be.  (12) 
          

I like to learn about nature.  

(13)           

I would like to clean up 

green areas in my 

neighborhood. (14) 
          

Nature is easily harmed or 

hurt by people.  (15)           

My life would change if 

there were no plants and 

animals. (16) 
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Q10 Someone in my close family is a scientist. 

 Yes (1) 

 No (2) 

 

Answer If Someone in my close family is a scientist. Yes Is Selected 

Q11 Which family member is a scientist? 

 Mother (1) 

 Father (2) 

 Aunt (3) 

 Uncle (4) 

 Grandfather (5) 

 Grandmother (6) 

 Brother (7) 

 Sister (8) 

 Cousin (9) 

 Other (10) ____________________ 

 

Q12 Someone in my close family is a teacher. 

 Yes (1) 

 No (2) 

 

Answer If Someone in my close family is a teacher. Yes Is Selected 

Q13 Which family member is a teacher? 

 Mother (1) 

 Father (2) 

 Aunt (3) 

 Uncle (4) 

 Grandfather (5) 

 Grandmother (6) 

 Brother (7) 

 Sister (8) 

 Cousin (9) 

 Other (10) ____________________ 
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Q14 How often do you do the following activities? 

 Never 

(1) 

Rarely 

(2) 

Sometimes 

(3) 

Quite 

often (4) 

Very 

often (5) 

Explore nature (1) 
          

Take family trips into nature 

(2)           

Talk about plants and animals 

with my family (3)           

Watch TV shows or movies 

about nature (4)           

Read books about nature (5) 
          

Do science projects that aren't 

for school (6)           

Go to science museums (7) 
          

Watch TV shows or movies 

about science (8)           

Read books about science (9) 
          

Talk about science with my 

family (10)           

 

Q15 What are your parents' jobs? 

 

Q16 The next section asks you about your knowledge of hummingbirds. If you do not know the 

answer, please mark "don't know" rather than guessing. 

Q17 Which part of a flower makes pollen? 

 Anther (1) 

 Ovary (2) 

 Pistil (3) 

 Petal (4) 

 I don't know (5) 

 



Page 96 

 

Q18 What is happening to the population of Rufous hummingbirds in Oregon? 

 It is increasing (1) 

 It is declining (2) 

 It is stable (3) 

 I don't know (4) 

 

Q19 What is happening to the population of Anna's hummingbirds in Oregon? 

 It is increasing (1) 

 It is declining (2) 

 It is stable (3) 

 I don't know (4) 

 

Q20 Where do Anna's hummingbirds migrate to in the winter? 

 Central America (1) 

 Europe (2) 

 They don't migrate (3) 

 I don't know (4) 

 

Q21 Where do Rufous hummingbirds migrate to in the winter? 

 Central America (1) 

 Europe (2) 

 They don't migrate (3) 

 I don't know (4) 

 

Q22 Which of these contribute to hummingbird habitat loss? 

 Agriculture and rangeland development (1) 

 Housing Developments (2) 

 Clear cutting forests (3) 

 All of the above (4) 

 None of the above (5) 

 I don't know (6) 
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Q23 What is the main source of food for hummingbirds? 

 Other birds (1) 

 Ants (2) 

 Flower nectar (3) 

 Leaves (4) 

 I don't know (5) 

 

Q24 What is the most important thing hummingbirds do for the environment? 

 They pollinate flowers (1) 

 They are pretty (2) 

 They eat insects (3) 

 They nest in trees (4) 

 I don't know (5) 

 

Q25 Fill in the blank: ____ ____ hummingbirds have bright red throats. 

 Female Rufous (1) 

 Male Rufous (2) 

 Female Anna's (3) 

 Male Anna's  (4) 

 I don't know (5) 

 

Q26 Which type of hummingbird has orange coloring on its body? 

 Rufous hummingbird (1) 

 Anna's hummingbird (2) 

 Both (3) 

 Neither (4) 

 I don't know (5) 
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Appendix C: Post-test questions 

Q1 What is your name?  

Q2: Please rate how strongly you agree or disagree with the following statements.  

 Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neither 

Agree nor 

Disagree (3) 

Agree 

(4) 

Strongly 

Agree (5) 

I like to learn about plants 

and animals. (1)           

Plants and animals are 

important to people. (2)           

I like to read about plants 

and animals. (3)           

Plants and animals are easily 

harmed or hurt by people. 

(4) 
          

I am interested in learning 

new ways to help protect 

plants and animals. (5) 
          

People need plants to live. 

(6)           

My life would change if 

there were no trees. (7)           

I would give some of my 

own money to help save wild 

plants and animals. (8) 
          

I would spend time after 

school working to fix 

problems in nature. (9) 
          

We need to take better care 

of plants and animals.  (10)           

I like to spend time in places 

that have plants and animals.  

(11) 
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Q3. Please rate how strongly you agree or disagree with the following statements.  

It makes me sad to see 

homes built where plants and 

animals used to be.  (12) 
          

I like to learn about nature.  

(13)           

I would like to clean up 

green areas in my 

neighborhood. (14) 
          

Nature is easily harmed or 

hurt by people.  (15)           

My life would change if 

there were no plants and 

animals. (16) 
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Strongly 

Disagree (1) 

Disagree 

(2) 

Neither Agree 

nor Disagree (3) 

Agree 

(4) 

Strongly 

Agree (5) 

I enjoy science. (1)           

I like to use science to solve 

problems. (2) 
          

Science is my favorite subject in 

school. (3) 
          

I want to be a scientist when I am 

older. (4) 
          

Science does NOT make the world a 

better place. (5) 
          

I am good at science. (6)           

Science is interesting. (7)           

People like me can be scientists. (8)           

Science is NOT for me. (9)           

I like to read books, watch tv shows, 

and/or read websites about science. 

(10) 

          

I consider myself a "science person". 

(11) 
          

My friends think of me as a "science 

person". (12) 
          

My family thinks of me as a "science 

person". (13) 
          

My teachers think of me as a 

"science person". (14) 
          

I consider myself an "artsy" person. 

(15) 
          

I consider myself an "athletic" 

person. (16) 
          

I am interested in pursuing a career 

in a scientific field. (17) 
          

Science helps people solve problems. 

(18) 
          

Science helps people understand the 

world. (19) 
          

Science is NOT important to me. 

(20) 
          

I like to learn about science outside 

of school. (21) 
          

I am interested in being part of a 

science club or group. (22) 
          

Science is boring. (23)           
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Q4 Please rate how strongly you agree or disagree with the following statements. 

 
Strongly 

Disagree (1) 

Disagree 

(2) 

Neither agree 

nor disagree (3) 

Agree 

(4) 

Strongly 

agree (5) 

My teacher likes science. (1)           

My teacher was excited about the 

Hummingbird Project. (2) 
          

My teacher spent a lot of time in 

class on the Hummingbird Project. 

(3) 

          

My teacher encourages me to learn 

science. (4) 
          

My family helped me work on the 

Hummingbird Project. (5) 
          

 

 

Q6 Did you know the data you collected will be used by scientists? 

 Yes (1) 

 No (2) 

 

Answer If Did you know the data you collected will be used by scientists? Yes Is Selected 

Q7 Knowing the data I collected will be used by real scientists 

 
Strongly 

disagree (1) 

Somewhat 

disagree (2) 

Neither agree 

nor disagree 

(3) 

Somewhat 

agree (4) 

Strongly 

agree (5) 

Made me more 

motivated to participate 

(1) 

          

Made me feel like I 

should collect data 

more often (2) 

          

Made me feel like what 

I was doing was 

important (3) 

          

Made me feel that the 

project was useful (4) 
          

Made me feel that I 

could be a scientist (5) 
          

Q5 Please write the 3 most important things you learned from the Hummingbird Project: 
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Did you have a hummingbird feeder at home? 

 Yes (1) 

 No (2) 

Q9 Please answer these questions to the best of your ability. 

 
Never 

(1) 

Once a 

week (2) 

Twice a 

week (3) 

Every other 

day (4) 

Daily 

(5) 

How often did you check your hummingbird 

feeder? (1) 
          

How often did you refill your hummingbird 

feeder? (2) 
          

How often did you record the number of 

flowering plants nearby? (3) 
          

How often did you see Anna's 

hummingbirds? (4) 
          

How often did you see Rufous 

hummingbirds? (5) 
          

How often did you see other birds? (6)           

Did you have a hummingbird feeder at school? 

 Yes (1) 

 No (2) 

Please answer these questions to the best of your ability. 

 
Never 

(1) 

Once a 

week (2) 

Twice a 

week (3) 

Every other 

day (4) 

Daily 

(5) 

How often did you check your hummingbird 

feeder? (1) 
          

How often did you refill your hummingbird 

feeder? (2) 
          

How often did you record the number of 

flowering plants nearby? (3) 
          

How often did you see Anna's 

hummingbirds? (4) 
          

How often did you see Rufous 

hummingbirds? (5) 
          

How often did you see other birds? (6)           

Q12 Did your parents help you with the Hummingbird Project? 

 Yes (1) 

 No (2) 

 

Q13 Please help us make the Hummingbird Project better in the future! 
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Strongly 

disagree 

(1) 

Disagree 

(2) 

Somewhat 

disagree 

(3) 

Neither 

agree nor 

disagree 

(4) 

Somewhat 

agree (5) 

Agree 

(6) 

Strongly 

agree (7) 

The 

Hummingbird 

Project was fun. 

(1) 

              

The 

Hummingbird 

Project was 

boring. (2) 

              

I enjoyed 

watching birds at 

the feeders. (3) 

              

I learned about 

hummingbirds 

from watching 

them at the 

feeders. (4) 

              

I learned about 

hummingbirds 

from classroom 

presentations. (5) 

              

 

Q14   

      

This 

project 

made 

me..  

 A lot less 

interested in 

science (1) 

 A little less 

interested in 

science (2) 

 Did not 

change how 

I feel about 

science (3) 

 A little more 

interested in 

science (4) 

 A lot more 

interested in 

science. (5) 

 

Q15 Please write the 3 most important things you learned from the Hummingbird Project: 

 

Which part of a flower makes pollen? 

 Anther (1) 

 Ovary (2) 

 Pistil (3) 

 Petal (4) 

 I don't know (5) 
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Q21 What is happening to the population of Rufous hummingbirds in Oregon? 

 It is increasing (1) 

 It is declining (2) 

 It is stable (3) 

 I don't know (4) 

 

Q27 What is happening to the population of Anna's hummingbirds in Oregon? 

 It is increasing (1) 

 It is declining (2) 

 It is stable (3) 

 I don't know (4) 

 

Q23 Where do Anna's hummingbirds migrate to in the Winter? 

 Central America (1) 

 Europe (2) 

 They don't migrate (3) 

 I don't know (4) 

 

Q26 Where do Rufous hummingbirds migrate to in the Winter? 

 Central America (1) 

 Europe (2) 

 They don't migrate (3) 

 I don't know (4) 

 

Q25 Which of these contribute to hummingbird habitat loss? 

 Agriculture and rangeland development (1) 

 Housing Developments (2) 

 Clear cutting forests (3) 

 All of the above (4) 

 None of the above (5) 

 I don't know (6) 
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Q27 What is the main source of food for hummingbirds? 

 Other birds (1) 

 Ants (2) 

 Flower nectar (3) 

 Leaves (4) 

 I don't know (5) 

 

Q29 What is the most important thing hummingbirds do for the environment? 

 They pollinate flowers (1) 

 They are pretty (2) 

 They eat insects (3) 

 They nest in trees (4) 

 I don't know (5) 

 

Q31 Fill in the blank: ____ ____ hummingbirds have bright red throats. 

 Female Rufous (1) 

 Male Rufous (2) 

 Female Anna's (3) 

 Male Anna's  (4) 

 I don't know (5) 

 

Q28 Which type of hummingbird has orange coloring on its body? 

 Rufous hummingbirds (1) 

 Anna's hummingbirds (2) 

 Both (3) 

 Neither (4) 

 I don't know (5) 

 

Q17 Are you willing to participate in a brief interview about the Hummingbird Project? 

 Yes (1) 

 No (2) 
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Appendix D: Interview script for teachers  

Inform participant: I would like to record this interview. Is that alright with you? (If yes, start 

recorder. If no, hand write responses.) 

1. What was your overall impression of the Hummingbird Project? 

2. What did you find to be the most challenging part(s) of the project? 

3. What did you find to be the most successful part(s) of the project?  

4. Are there any improvements you would like to see?  

5. How did you incorporate it into your lessons?  

a. Did you implement anything beyond the basic project? If so, what did you do?  

b. Did you challenge students to come up with their own investigations? If so, please 

explain.  

6. How engaged were your students engaged with the project?  

a. Were they enthusiastic or not about taking measurements? 

b. What were the biggest challenges they faced? 

c. What were the most successful aspects of the project for your students? 

7. Did you have any trouble with the feeders? 

8. Were any of the instructions unclear? 

9. Would you participate again next year? 

a. If no, why not?  

b. Are there any changes we could make to change your mind?  

10. Which of your students seemed the most interested in the project?  

11. Which of your students seemed the least interested in the project?  
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Appendix E: Presentation given to participants  
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