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Abstract  

Researchers and educators at the Biodiversity Institute, University of Wyoming 

recognized a need for devising more resources to foster awareness and educate the 

public about certain species of importance to the state of Wyoming. Those efforts 

include an increase of pedagogical resources about species needing more resources 

and attention from the general public. The institute aims to increase the number of 

pedagogical resources for teachers and students in Wyoming to connect them to 

science and math concepts using local wildlife issues. This self-study explored my 

approach to developing anchoring phenomenon-based curricular resources using the 

education theories of social constructivism, place-based education, and problem-based 

learning. In addition, these curriculum resources are based on the three-dimensional 

learning of the Next Generation Science Standards. The scenario of the local 

phenomenon is the migration of western tiger salamanders in LaBonte Park, Laramie, 

and human intervention. Data collection included 93 journal entries, analysis elicited five 

prominent themes: content development, final products, personal reflection, process 

and methodology, and support. This framework and process resulted in the 

development of three artifacts: the anchoring phenomenon-based curricular resources, 

my master’s paper, and a resource development guide. My results show how these 

artifacts can be used to replicate my process in the future to create anchoring 

phenomenon curricular resources for teachers and outreach activities with species of 

interest.  
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“If children don’t grow up knowing about nature and appreciating it, they will not 

understand it. And if they don’t understand it, they won’t protect it. And if they don’t 

protect it who will?” 

Sir David Attenborough 
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Chapter 1 

Introduction  

Around the world, there are many encounters between people and wildlife that 

are affecting and damaging the wildlife and people involved (Redpath et al., 2015). 

Human-wildlife encounters is a key topic in conservation. It is necessary to design 

sustainable management plans and policy instruments to make better decisions 

considering the realities and perceptions of human-wildlife interactions (König et al., 

2020). At the same time, environmental ethics education has emerged as a critical tool 

for wildlife conservation research (Bhurekeni, 2022).  

Education and outreach programs contribute to sustainable behavior, promote 

public support for conservation, reduce vandalism and poaching practices in protected 

areas, and raise compliance with environmental regulations (Meadows, 2011). By 

educating individuals about the importance of sustainable practices with educational 

initiatives, communities can adopt sustainable behaviors that benefit the environment. 

Educating the public about conservation efforts helps garner support for preserving 

natural habitats and endangered species. When people understand the significance of 

maintaining biodiversity and the consequences of habitat loss, they are more likely to 

participate in conservation initiatives actively (Fischer and Young, 2007). Raising 

awareness about the detrimental impacts of vandalism and poaching on ecosystems 

and wildlife promotes a more vigilant community and actively prevents such harmful 

practices. Education empowers individuals and communities to understand the 

necessity of environmental regulations. When people comprehend the rationale behind 
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these rules, they are more likely to comply willingly, leading to better adherence to 

environmental laws and guidelines.  

According to Burns et al., (2003) by encouraging the Awareness, Enjoyment, 

Interest, Opinion-forming, and Understanding of Science (AEIOU) responses in its 

participants, science communication seeks to improve public scientific knowledge, 

comprehension, literacy, and culture. The AEIOU are the significant individual reactions 

to science communication. “…an interest in science, a confidence to talk about it, and a 

willingness to engage with science wherever and whenever it crosses their paths” (pg. 

189) are among the things it enables the public to achieve. To improve interactions 

between the general public, mediators, and science practitioners, science 

communication also offers tools, media, activities, and dialogue. Science 

communication is an important area of study and activity that should be continued.  

Wildlife conservation education can improve teenagers’ willingness to protect 

wildlife and the local culture is highly correlated with wildlife conservation (Zheng et al., 

2022). Teachers practicing pedagogies designed to promote sharing perspectives 

related to connections between culture and ecological degradation can make a change 

in the conservation of local wildlife and natural resources (Glasson et al., 2006).  

As scientists, we have the knowledge to identify threatened species, their status, 

and the importance of protecting wildlife for both human and ecological communities. 

However, we lack professional training as teachers and we use many concepts and 

data that are hard for the general public to understand, especially children and 

teenagers. In other cases, we develop activities and materials for the general public, but 
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they may not be effective as we do not have pedagogical training or are familiar with 

education concepts and theories.  

On the other hand, many teachers may be interested in integrating issues related 

to wildlife conservation in their science and math lessons. However, they may not have 

the scientific training or knowledge to understand many of the wildlife conservation 

issues or concepts. One more challenge for teachers is the lack of time to develop 

education resources and to integrate the resources into their lessons and meet the 

education standards required by the state.  

There is a need for scientists and teachers to communicate in order to improve 

wildlife conservation and the way they can be used to help students learn science and 

math concepts. Scientists and educators can benefit from getting students involved in 

projects related to wildlife research (Soanes et al., 2020). Involving students can 

improve science interest, literacy, and conservation efforts (Henter et al., 2016). In 

addition, some of these projects can give scientists a way to collect data and engage 

with the general public, but it can also improve science instruction and raise awareness 

in the next generation (Soanes et al., 2020). When students and the general public 

engage in a research project related to their community, they gain an understanding of 

a local conservation issue situated in a social context and learning theory  

  Even in the best circumstances, wildlife research can be difficult, and there are 

not many guidelines to help scientists design effective programs for K-12 students 

(Soanes et al., 2020).   
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Clearly, more opportunities need to be made available for students and the 

general public to learn from scientific research (Henter et al., 2016). According to the 

NGSS, all students in elementary and secondary grades (ages 5-18) should understand 

science as it is conducted outside of “school science” (Henter et al., 2016). However, for 

many teachers, teaching science concepts in a social and ecological context could be 

challenging as they do not know of have the connections ore resources to take their 

students to the field. That is why another teaching strategy that could be helpful is the 

use of instructional anchoring phenomena. 

Phenomena provide contexts in which students can actively engage in science 

and science discourse. At its core, a phenomenon is a means to help students 

learn and do science by using available data to construct claims about what is 

happening, and by critiquing claims in the light of the behavior of nature, as a 

community (p. 2, Inouye et al., 2020).  

A scientific instructional phenomenon is an observable event that occurs in the 

universe one that we can use our scientific knowledge to explain or predict (Amplify 

Science, 2019). Phenomenon-based learning, then, is a holistic, interdisciplinary 

approach in which the starting point for inquiry is that specific, observable, real-world 

event (Amplify Science, 2019). The Next Generation Science Standards (NGSS) focus 

on helping students use science to make sense in the natural and designed world by 

using science and engineering practices to solve problems (NGSS Lead States, 2013). 

Creating a curriculum that successfully engages students in three-dimensional learning 

can be accomplished through making sense of a phenomenon. The three dimensions of 

learning are defined as the Disciplinary Core Ideas, Crosscutting Concepts, and 



5 
 

Science and Engineering Practices. Students explain phenomena by developing and 

applying the Disciplinary Core Ideas and Crosscutting Concepts through the use of the 

Science and Engineering Practices (National Research Council, 2013).  

Since I was a child, I have had a passion and love for wildlife. Because of this, I 

have attended conferences, workshops, and other general public events. In many of 

these events, I noticed that there is a gap in the communication between scientists and 

the general public. As I moved forward in my life and worked on an undergraduate 

degree in Marine Biology and worked as a field instructor for nonprofits in both the Baja 

Peninsula, Mexico and in Wyoming, I noticed I was making some of the same mistakes.  

Purpose of this research project  

The purpose of this research project is to describe the process of creating 

anchoring phenomena-based curriculum resources related to biodiversity conservation 

projects. One of the results of this will be the development of a guide that outlines the 

process and is intended to be used by the Biodiversity Institute of the University of 

Wyoming, their scientists, and teachers across Wyoming. The curricular resources 

developed were NGSS, NGSS-aligned, and phenomenon-based. Social constructivism, 

place-based education, and problem-solving learning served as theoretical frames that 

guided the resources development.  

The issue of human assistance necessary for the migration of the Western Tiger 

Salamander (Ambystoma mavortium) related to its lifecycle in LaBonte Park, Laramie, 

Wyoming will be used as the instructional phenomenon.  
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Research Questions 

This self-study is being guided by the following research questions:  

1. How does one approach the development of a phenomenon-based curricular 

resources collaborating with scientists on the instructional phenomenon?  

2. What are the steps/processes that I went through to create a phenomenon-

based curriculum resource about local species in collaboration with scientists 

and science educators? 
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Chapter 2 

Theoretical Framework and Literature Review 

Schools and educational centers are increasingly interested in how to instruct 

their K-12 students to be aware of environmental problems and possible solutions. 

Specifically, environmental education can provide the knowledge and skills that young 

people need to take action on social and environmental issues within their hometowns 

and surrounding areas (Ardoin et al., 2022). Different approaches and pedagogies have 

been designed and proposed to tackle environmental issues with an environmental 

education perspective.  

Using different pedagogical approaches to promote engagement and learning 

experiences is important in contemporary education. Social constructivism, Place-based 

education, and Problem-based learning are three theories that foster engagement and 

learning experiences (Hmelo-Silver et al., 2007, Jonassen & Rohrer-Murphy, 1999; 

Sobel 2004). I use these theories in my theoretical framework (Figure 1).  

The idea that knowledge is actively constructed by individuals through social 

interactions by emphasizing collaborative learning, shared experiences, and the role of 

culture in shaping understanding is the basis for social constructivism (Vygotsky,1933).  

Place-based education focuses on connecting learning to local environments, 

communities, and cultural settings to make education more applicable and meaningful 

(Sobel, 2004). It highlights the importance of hands-on experiences and promotes a 

sense of stewardship and belonging to one’s surroundings (Sobel, 2004). Problem-

based learning is an instructional approach where students acquire knowledge by 
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actively engaging with real-world problems (Barrows, 1968; Barrows, 1966). Wilder 

(2015) also notes that this approach calls for collaborative problem-solving, critical 

thinking, and application of knowledge to address complex issues, promoting a deeper 

understanding of the community problems.   

Figure 1. Educational theories  

 

Approach of each theory used to build up the theoretical framework and curriculum 
resources 

Combining these into a framework is powerful when applied to wildlife 

conservation education, as it offers a solid base for the development of curricular 
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resources focusing on anchoring phenomena and aimed at connecting learners with 

wildlife conservation and local problems. By integrating these theories, I aim to achieve 

three-dimensional learning, engaging students not just in disciplinary core ideas but also 

in scientific practices and crosscutting concepts.  

Based on these theories and components, I describe my process on developing 

anchoring phenomenon curricular resources where the students in my project had been 

studying the Western Tiger Salamanders’ (A. movartium) migration and lifecycle in 

Wyoming as the phenomenon. This aligns with problem-solving learning by presenting 

real-world challenges related to the life cycle, migration, and road ecology that students 

can investigate and work together to solve; place-based education as it is a species 

native to Wyoming; and social constructivism by the way the content will be presented 

to students to make connections between their environment and current knowledge.  

This theoretical framework is supported by my findings in the literature as 

described in the next section and will be used to frame the data analysis and 

subsequent resource development guide.  

Literature Review 

Social Constructivism  

Social constructivism is based on the idea that knowledge is actively constructed 

through experiences and environmental interactions. This theory is based on the ideas 

of Vygotsky (1930s) and Dewey (1938).  
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Vygotsky started the conversation by noting that knowledge gain is the result of 

activities related to specific cultural settings (Roelofs & Terwel, 1999). He stated that the 

ways of thinking and interpretation of the world come from social experiences, where 

the development of cognition progress is derived from the social situation (Jaramillo, 

1996).  

Dewey (1938) talked about how the social environment influences the 

development of knowledge and learning experiences. Learning was a process related to 

experience, “the principle that development of experience comes about through 

interaction means that education is essentially a social process” (p.58). Dewey talked 

about how students are expected to have an authentic learning experience (Handrianto 

& Rahman, 2018). The authentic learning experience is defined as knowledge 

development and acquisition that comes from students’ experiences (Roberts, 2003). 

Bringing real-life situations to students allows them to learn from their experiences and 

earn knowledge that they can apply later in their lives (Roberts, 2003). In addition, for 

Dewey, science-related content should be applied in terms of everyday occurrence 

(Roberts, 2003). In this way, students acquire new and meaningful knowledge and 

skills, through active learning and real and practical experiences (Handrianto & 

Rahman, 2018), because it allows students to have a better comprehension of the world 

(Roberts, 2003). Another key component of experiential learning theory is the teacher’s 

role, “the teacher loses the position of external boss or dictator but takes on that of a 

leader of group activities” (Dewey’s, 1938 p.59).  

“The use of a constructivist framework which views the learner within a position 

of power and embraces all dimensions of learning-teaching would allow educators to 
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articulate meaningfully the ways in which they might provide for children’s educational 

rights” (quoted in Watson, 2001, p. 140).  In this way, constructivism recognizes the 

potential of students and fosters the different and best ways students learn to improve 

their knowledge.  

According to Adams (2006), Brooks and Brooks (1993), as well as (Watson, 

2001), teachers who adhere to social constructivist educational principles prioritize 

several key approaches: 

● Empowering students’ autonomy and active involvement in constructing 

knowledge.  

● Shifting focus from performance to deeper comprehension of concepts. 

● Using assessments that uncover shared understanding and real-world 

applicability. 

● Guiding rather than instructing 

● Fostering dialogical discourse 

● Encouraging inquiry, challenging initial ideas, and promoting discussion. 

● Allowing time for deeper student engagement and metacognition in learning 

cycles.  

Implementing these principles allows students to become more aware of their 

environment and gain useful knowledge from it, which improves the way they are 

learning the concepts that are taught in the classroom. As a result, students become 

more naturally conscious of their surroundings.  
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Place-based education  

Place-based education highlights the significance of connecting learning to the 

local context. It is a promising approach that emphasizes the vital link between learning 

and the physical environment where teachers and students are situated (Yemini et al., 

2023). The themes of Place-based education include aspects of economic 

development, community’s life, civic involvement, and environmental issues (Smith & 

Sobel, 2010). Its core aim is to reconnect individuals with their surroundings, which 

could include urban or rural settings (Ardoin, 2006). By integrating the local culture and 

history into students’ school experience they can realize what is valuable and worthy in 

their home communities, as their learning is tied to their own identities (Smith & Sobel, 

2010).  

However, there’s ambiguity surrounding the definition of “place” within this 

context, and addressing distinctions between various categories like place/non-place or 

urban/rural settings remains a concern (Nespor, 2008). For this framework, I will define 

place as the geographic site and surroundings where students are located.  

Importantly, this educational strategy goes beyond conventional academics, 

fostering the development of essential social skills such as leadership and public 

speaking. Students become catalysts for change within their communities, inspired by 

their newfound knowledge and connection to the world around them. Place-based 

education increases the scientific literacy skills of students, while they become active 

community members and earn a better understanding of social and biophysical 

ecosystems (Wright et al., 2021).  
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In practice, Place-based education helps students explore their local community, 

gaining a deeper understanding of concepts in subjects like science and mathematics 

by witnessing their real-world applications. Simultaneously, this approach cultivates 

problem-solving skills as students tackle community issues and propose solutions. 

Moreover, it nurtures an authentic learning experience, providing them with firsthand 

experiences that fuel their curiosity and learning. Place-based education curriculum is 

applied by teachers who see a curricular alignment and show curricular agency (Wright 

et al., 2021). For example, In Wright’s study, using the assistance of local wildlife 

specialists, teachers were able to address academic requirements using real-world 

examples, adopt an interdisciplinary approach, and look into possible opportunities for 

civic engagement (Dale et al., 2020).  

Problem-based learning  

The foundation of Problem-based learning was proposed by Barrows (1968), who 

emphasized learning as a unified process encompassing cognitive, metacognitive, and 

personal development (Newman, 2005). This theory was introduced initially in the field 

of medical education in the late 1960s (Merritt et al., 2017; Wijnia et al., 2019). The goal 

was to bring patients and their problems to students, so they could experience a more 

meaningful experience and keep motivated and stimulated by experiencing different 

case studies (Merritt et al., 2017; Wijnia et al., 2019). Currently, Problem-based learning 

has been implemented in the fields of K-12 education, engineering, business education, 

psychology, law, advertising, architecture, nursing, and physical therapy (Merritt et al., 

2017; Wijnia et al., 2019).   



14 
 

Problem-based learning is inspired by constructivism and defined as learning 

through projects that are based on issues experienced in real-life, or life outside of the 

classroom setting (Merritt et al., 2017). The features shared by social constructivism 

and problem-based learning are: acquiring knowledge through trial and error, learning 

by doing, and applying new knowledge to new circumstances (Merritt et al., 2017). The 

characteristics problem-based learning brings to this framework are fostering critical 

thinking, and problem-solving skills in real-world learning settings (Yeh& Gow, 2016). 

Using this educational theory empowers students to engage effectively with significant 

problems, encouraging collaborative problem-solving, the creation of mental models for 

learning, and the development of self-directed learning habits (Yeh & Gow, 2016).   

The application of problem-based learning in K-12 Mathematics and Science 

Education has been effective in improving the knowledge retention, attitudes, and 

conceptual development of students’ academic achievement (Merritt et al., 2017). 

However, there are few studies comparing Place-based education and Problem-based 

learning (Williams & Houseal, 2018).  

It is necessary to investigate the long-term outcomes of problem-based learning 

to analyze the integration of skills and transfer of knowledge from primary to secondary 

education (Wilder, 2015). Studies show that the long-term memory can retains the 

knowledge acquisition from problem-solving and increases the latter’s accessibility over 

time (Schmidt et al., 2011).  
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Three-Dimension Learning and Anchoring Phenomena Curricular Resources 

NGSS (NGSS Lead States, 2013), promote the simultaneous use of a three-

dimensional framework within science instruction. According to the Framework (NRC, 

2013), the three dimensions of science education center on the knowledge and skills 

that students need to succeed as scientists or as knowledgeable consumers of scientific 

information.  Disciplinary Core Ideas underline the big ideas of science that are the 

basis for comprehending how the world works by concentrating on the how’s and whys 

of science procedures; using this method in classroom activities implicates a change in 

the focal points of classroom activities toward research how and why the phenomena 

evolve (Fick, 2018). Crosscutting Concepts connect the big ideas around which science 

can be linked with other disciplines (Houseal, 2016). These concepts are the subjects 

that researchers use across different fields to promote comprehension of how the 

phenomena function (Fick, 2018). Scientific and Engineering Practices encompass what 

is the process or procedure of building science knowledge (Houseal, 2016).  These 

practices help students to engage in the habits of mind necessary to construct scientific 

knowledge (Fick, 2018). 

The use of phenomena-based units aids students and teachers in 

comprehending the flow of new learning through investigation, sense-making, scientific 

modeling, drawing on real-world connections, and exploring new questions (Redpath et 

al., 2015). When the new questions come up, the cycle restarts with a new inquiry. 

Students become adept at recognizing this pattern, and it fosters a culture of 

questioning, analysis, and the creation of new questions (Sinoradzki & McKenna, 2021). 

The idea is that this phenomenon should be something observable but complex enough 
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to provoke students’ curiosity and motivation to begin exploring how to explain that 

phenomenon-through the application of scientific inquiry skills. 

Using phenomena that give students time to consider what they are seeing is an 

excellent way to assess their level of understanding and prior knowledge (Richards et 

al., 2023). Storylines are shaped by the phenomena that students are attempting to 

understand, and they serve to link and inspire learning activities that take place over a 

few weeks or longer (Nordine et al., 2019). Students’ questions are used to guide their 

learning, and making them the “right” questions can help to extend their previous 

knowledge and keep their interest in the project (Chin & Chia, 2004).  Furthermore, in 

Taking Science to School (NRC, 2007), they state that, “Students learn science by 

actively engaging in the practices of science, including conducting investigations; 

sharing ideas with peers; specialized ways of talking and writing; mechanical, 

mathematical, and computer-based modeling; and development of representations of 

phenomena” (pg. 251). This approach is typically implemented in formal settings over a 

several-week period, my study is looking for the application in non-formal settings over 

a short period of time, like a single visit to the Biodiversity Institute in a two-hour period. 

However, the review of the literature reveals limited research addressing this specific 

adaptation (bringing formal education to non-formal education over a short-period time) 

highlighting the contribution of my research.   

To encourage knowledge generation, eight strategies have been proposed: 

mapping, drawing, imagining, summarizing, self-explaining, teaching, self-testing, and 

enacting (Fiorella & Mayer, 2016). These strategies incorporate various cognitive and 

language practices (Richards et al., 2023). For my study, I implemented mapping, 
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drawing, and summarizing. With the use of concept mapping, students are able to 

pinpoint important ideas and graphically represent how they relate others, building 

models that either summarize what they have learned or refute claims (Martinez-

Maldonado et al., 2012). Drawing is an activity that generates knowledge by combining 

action, cognition, and perception (McGuirk, 2014). Summarizing is a method where 

students integrate new knowledge into long-term memory by converting their knowledge 

into written or visual representations (Hand et al., 2021). 

While incorporating phenomena can help students learn science more 

concretely, it might not be sufficient for conceptual understanding and meaning-making 

(Richards et al., 2023). Giving students the chance to create their knowledge is crucial, 

but they must also be able to connect the dots in their minds between the concepts 

associated with the phenomena and the scientific terms they can use to explain them 

(Richards et al., 2023).  

Western Tiger Salamander  

I decided to focus on this species because of its relevance to Laramie and the 

Biodiversity Institute. In addition, I have never worked with amphibians before and there 

were so many facts that I learned about them and sparked my curiosity to learn more 

about them and use the western tiger salamander migration as the scenario of my 

anchoring phenomena-based curriculum resources. In the next paragraphs I am going 

to introduce you to some of the facts I learned and lead me to choose this specie.  

Since the first World Congress of Herpetology in 1989, herpetologists have been 

documenting amphibian declines worldwide (Campbell Grant et al., 2020; Fisher & 
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Garner, 2020; Green et al., 2020; Stuart et al., 2004). Habitat loss and/or modification, 

invasive species, contaminants and pollution, climate change, exploitation, and 

diseases seem to be the threats causing the amphibian decline (Campbell Grant et al., 

2020; Green et al., 2020).  

Road disturbance influences the spatial and local diversity of amphibians 

(Cosentino et al., 2014). Road mortality is a widely recognized and major area of 

amphibian research. In addition to the amphibian road kills, roads also affect population 

dynamics, create genetic isolation, and serve as barriers to migration (Beebee, 2013). 

Successful amphibian conservation requires minimizing the impacts of future road 

projects and mitigating the impacts of current roads (Cosentino et al., 2014). 

The International Union for Conservation of Nature Red List and U.S. 

Endangered Species Act categorize Western Tiger Salamanders as stable. However, 

they recognize that some populations and subspecies are declining. On the other hand, 

the Wyoming Game and Fish Department includes Western Tiger Salamander as a 

Species of Greatest Conservation Need with a NSS4 (Bc) status (Wyoming Game & 

Fish Department, 2017). This means there is not a clear statement about the current 

conservation status of Western Tiger Salamander and information or knowledge about 

the species is insufficient. The species is widely distributed and populations appear 

stable, but there is a need to conduct baseline surveys for a better understanding of the 

distribution, abundance, habitat, associations, and disease status within Wyoming 

(Wyoming Game & Fish Department, 2017). The Biodiversity Institute also created a 

database where you can report the sight of a Salamander across Wyoming (University 

of Wyoming Biodiversity Institute, 2023).  
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Community scientists can address social-ecological problems through 

participation in projects they create and benefit from bottom-up initiatives (Lin Hunter et 

al., 2023). A proposed general framework by Pandya (2012) to have better engagement 

in a community project is to align the research and education with community priorities, 

plan for co-management of the project, engage the community in every step, 

incorporate multiple kinds of knowledge, and disseminate results widely. Community 

Science, also called citizen science has the capacity to “develop connections between 

students’ everyday lives and science so that they will have tangible reasons for 

continuing with the lifelong learning of science” (Jenkins, 2011, p. 501). 

In the past 20 years, the number of community science programs and volunteers 

has increased (Sterrett et al., 2019). Events like the synchronous spring migratory 

breeding events of amphibians are great scenarios where citizen scientists involve the 

community in local and regional conservation efforts (Sterrett et al., 2019).  

In Laramie, Wyoming, the migration of Western tiger salamanders occurs every 

spring on rainy nights above freezing (University of Wyoming Biodiversity Institute, 

2023). These organisms will move from the neighborhood yards to LaBonte Pond 

(University of Wyoming Biodiversity Institute, 2023). On the way, many salamander 

adults are killed when they cross the roads (University of Wyoming Biodiversity Institute, 

2023; Sterret et al., 2018). The Laramie community has been helping the salamanders 

to cross the road, although there is no record of when this informal initiative started (B. 

Addis, personal communication, October 13, 2023). In 2012, a graduate student from 

the PIEE program at University Wyoming started to coordinate people in the 

neighborhood around Labonte, Park (M. Murphy, personal communication, April 26, 
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2024). Since 2022, the Biodiversity Institute has been organizing the Laramie 

Salamander Migration Initiative (B. Addis, personal communication, October 13, 2023), 

an event where researchers from the University of Wyoming, volunteers, and other 

stakeholders will help the salamanders cross the road (University of Wyoming 

Biodiversity Institute, 2023). During these migration nights, researchers also collect data 

about the salamanders. These data include sex, length, and weight. However, to avoid 

the handling and additional stress to the salamanders, volunteers are not involved in the 

taking of these data (M. Lee, personal communication, October 5, 2023). In addition to 

the Laramie Salamander Migration Initiative, the Biodiversity Institute has been hosting 

an event called Salamander Saturday to promote awareness of Salamanders among 

the general public (University of Wyoming Biodiversity Institute, 2023).   

Given the Western Tiger Salamander Migration Nights Initiative in Laramie, the 

purpose of this project is to increase the awareness of amphibians within the 

communities throughout Wyoming by designing curriculum resources that teachers can 

use with their 5-8 grade students. The resources will use the Western Tiger 

Salamanders’ (Ambystoma mavortium) lifecycle and the issue of human assistance 

surrounding their spring migration as the instructional phenomena.    

Social Constructivism and Western Tiger Salamander  

The social constructivism educational principles create an interactive, engaging, 

and collaborative learning environment. Through the use of Social Constructivism 

theory, students actively investigate the Western Tiger Salamanders’ life cycle and how 

is related to their community. Students develop individual and group research to identify 
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problems related to road ecology and migration and construct their understanding of the 

phenomenon. The driving question, “Why do salamanders move?” and the sub-driving 

question, Why do they need help moving into LaBonte Park in the spring? attempt to 

scaffold the needs and challenges of Western Tiger Salamanders while involving 

students in hands-on explorations. The anchoring phenomenon curricular resources 

provide equal opportunities to participate and contribute.  

Place-based education and Western Tiger Salamander  

For this study, Place-based education and the case of the migration and the life 

cycle of western tiger salamander are ideas that are incorporated in the local community 

and the environment is used as a context for learning. Students learn about the 

ecosystem, abiotic factors, and problems where the Salamanders are found in the area. 

In addition, understanding the migration patterns, breeding habitat, and impact of 

human activities on their habitats are concepts embedded in the curriculum resources. 

Providing maps, local news notes, and tables with information about the salamanders in 

Wyoming; students engage in hands-on activities and fieldwork experiences that allow 

them to explore the salamanders’ habitat and places where they can be found. The goal 

is that students can relate this anchoring phenomenon to local and biodiversity issues in 

their local environment.  

Problem-based learning and Western Tiger Salamander 

The Problem-based term emphasizes the use of real-world problems as the 

starting point for learning and investigation. In my framework, problem-based learning 

refers to how the curriculum resources are made around the central phenomenon of 
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western tiger salamanders’ life cycle and its associated issues. Students investigate the 

needs and challenges of salamanders from various angles and it strongly connects with 

both theories as we are focusing on a local issue (Place-based education) and bringing 

the previous knowledge students could have about amphibians or other groups of 

animals (Social Constructivism).  

Adopting a problem-based learning approach engages students in authentic 

learning about the western tiger salamanders’ life cycle, migration, and road ecology. By 

doing so, we promote the development of basic problem-solving skills as students 

analyze data, propose solutions, and collaborate to conserve amphibians.   

Anchoring Phenomenon and Western Tiger Salamander  

The anchoring phenomenon of the curricular resources I developed is the 

salamander migration. Students investigate the why and how of this migration, 

discovering the challenges amphibians face during this critical life stage. By exploring 

these challenges, students tackle the real-world problems of salamander population 

decline and the controversy of human impacts/assistance. Through exploring this, 

students share their arguments in oral and written presentations, including the scientific 

information and models they find, and finally, propose a solution to reduce or mitigate 

the salamander population decline based on their representation of the phenomenon. 

These practices align with social constructivism by promoting social learning as 

students learn in their social background, place-based education by connecting learning 

to the local environment, and problem-based learning by tackling real-world challenges 

related to the salamander’s migration and life cycle. Furthermore, they contribute to 
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three-dimensional learning by integrating disciplinary core ideas like from molecules to 

organisms: structures and process, science practices like ask questions and engage in 

argument from evidence, and crosscutting concepts like cause and effect and patterns. 

Conclusion  

The use of social constructivism, place-based education, and problem-based 

learning theories to develop anchoring phenomena curricular resources and align them 

with the three learning dimensions is a way to improve biodiversity conservation and 

education. These theories are relevant for this project because they connect students 

with their community while they are learning; they build knowledge based on students’ 

ideas and relevance to their daily lives; and they help students to identify, analyze, and 

propose solutions. At the same time, scientists and teachers can use these theories to 

develop curricular resources in their community science approaches and science and 

math lessons.  

Connecting biodiversity conservation to science lessons can help students to 

have a better understanding of related concepts, as students are learning through 

seeing them being applied in their community and making connections with their 

previous state of knowledge.   
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Chapter 3  

Methods 

 

Background and Context for the Study   

Biodiversity Institute Mission  

This non-thesis master’s project was part of my graduate assistantship with the 

Biodiversity Institute (BI) at the University of Wyoming, where I was a Graduate 

Assistant researcher. The BI is a space focused on exploring nature and building a solid 

network of humans dedicated to protecting and valuing Wyoming, the U.S., and the rest 

of the world's biodiversity through funding research and developing community science 

and outreach programs (BI Annual Report, 2023). My graduate assistantship 

assignment was to develop curriculum resources that could be used in the outreach 

program related to the Wyoming Science Standards and the mission of the BI. 

The mission of the Biodiversity Institute is to foster the understanding, 

appreciation and conservation of biological diversity through innovative research, 

education, and outreach, and by engaging a broad audience in the scientific 

process.  

The Biodiversity Institute works with scientists, resource managers, educators, 

and the public to further the understanding and conservation of biodiversity. We 

seek to provide a unique service to Wyoming and beyond by facilitating 

collaborative research projects, disseminating research, distributing grants, and 
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providing educational, outreach, and citizen science programs for scientists, 

students, and the public (Biodiversity Institute, 2024).  

 This Plan B is a part of the larger project and was a self-study being used to 

determine my process of curriculum materials development using 3D (instructional) 

phenomenon-based storyline strategies while connecting to the place-based themes. 

The goal for this part of the work was to describe my process so others can replicate it 

in the future with species/wildlife conservation projects of their interest.  In the next 

sections, I describe self-study methodology and my data collection and analysis 

processes. 

Self-study as a Research Tool 

A self-study is the seeking to “understand the relationship between the knower 

and the known” as well as seeking to “understand what is the form and nature of reality” 

(Kuzmik & Bloom, 2008, p.2007).  Action research has taken on many different shapes 

over the years, but they all follow a methodically iterative approach: (1) problem 

identification; (2) planning; (3) action; and (4) reflection-based action evaluation 

(Aubbusson and Gregson, 2008).  

Self-study research is about educators researching their practice with the aim of 

improving it, making a clear and authentic use of their professional expertise, and 

simultaneously adding to the knowledge foundations of teacher education (Vanassche 

& Kelchtermans, 2015). For the present study, a self-study of teaching and teacher 

education practices (S-STEP) is defined on the definition of Pinnegar and Hamilton 

(2009), who defined it as a research methodology in research allows educators to 
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document their findings on teaching and educational practices. It also facilitates the 

integration of their personal experiential knowledge and enrich our collective 

understanding of teaching. In addition, it allows educators to bring their biases and 

previous knowledge into their teaching by using this methodology for studying teaching 

practices.  

Data Collection 

According to Ovens & Garbett (2020), journaling is a useful research method for 

S-STEP researchers as it allows the researcher to gather or create data for post-

analysis, but it is also a helpful tool for introspection, processing, and deep, ongoing 

reflection. By documenting events and offering insights into people’s thoughts, 

objectives, and feelings related to our process, journaling has been essential in 

improving our understanding of teaching. To serve as a tool to encourage deeper 

thoughts and growth, journaling is considered a method and artifact that helps capture 

the nature of practitioners' lives through the process of incorporating description, 

commentary, introspection, and analysis. 

The categories I set up in my journal to take my field notes were today's 

progress, emotions, and tomorrow’s progress (see Appendix 1). For the first category I 

asked myself and recorded the answer to the questions; What am I doing today? How is 

it helping with this project? For the feelings and emotions category, I asked myself How 

do I feel? and break it down into frustration, satisfaction, confidence, and knowledge. 

Finally, in the last category, I recorded: What new questions do I have? Which 

resources do I need? What will I do tomorrow? By asking these questions to myself I 
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was able to record my daily progress, emotions, satisfaction, tasks to do for next day, 

resources I needed it, and questions.  

Recording these data helped me to keep track of my daily progress, tasks, and 

emotions I had while I was working on developing the anchoring phenomenon curricular 

resources. The aim was to record my process of developing anchoring phenomenon 

resources that teachers across Wyoming so others can replicate this process later to 

develop resources for non-formal settings but align it with the three-dimension learning.  

Data Analysis  

I analyzed my data to identify my approaches, steps, and processes to create the 

curriculum resources for a local species. I used an exploratory coding method with a 

mix of provisional and hypothesis methods using Saldaña’s manual (2021). I used a 

qualitative data sorting software tool (Atlas ti®) to explore my data. This software helped 

me to sort meaningful quotes collected in my journal entries that later emerged as the 

themes (Friese, 2019). For the data analysis, I did three cycles of coding and one cycle 

of co-occurrence analysis. In the first cycle, I carefully read and analyzed my daily 

journal entries, marking as codes the frequently used words and quotes. In the second 

cycle, I made a possible list of themes and codes and highlighted the quotes where my 

codes matched with the list. In the third cycle, I identified more codes by being more 

specific about the actions, steps, sections, questions, help and resources needed. 

Finally, I did the co-occurrence analysis. This analysis was made using Atlas ti® co-

occurrence analysis tool. From this analysis, I identified several interesting junctions 
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between my codes. These helped me derive meaning or notice connections I did not 

before.  

Positionality Statement  

 During the time of this study, I was an international student from Mexico with a 

BS in marine biology interested in wildlife conservation, environmental education, and 

outreach or non-formal education. Since 17 years of age, I have been volunteering for 

environmental non-profits in Mexico and the United States.  

Based on my scientific and environmental education experiences, my goal was to 

connect researchers and teachers to develop curriculum resources they can use to 

improve their lessons and wildlife conservation efforts. My assumptions were that 

researchers might not have professional pedagogical training to develop curriculum 

resources aligned with the educational framework of K -12 grades and teachers might 

not understand or know the full picture of some of the issues and concepts related to 

wildlife conservation.  

I chose to include a section on my positionality because my previous experiences 

and knowledge are reflected in my role as researcher in this self-study. The aim of this 

positionality statement is explaining where I am coming from and where I am hoping to 

go in this journey. This positionality influenced my research as I was studying myself 

while I developed anchoring phenomenon curriculum resources aligned with the three-

dimensional learning framework of the NGSS for a non-formal setting and I used wildlife 

as the anchoring phenomenon. The notes of my journal and results of the analysis of 

this Plan-B research project were used to develop the resource development guide.  
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Chapter 4 

Results 
 

In this chapter, I outlined the themes that were elicited from my journal. The 

themes are:  process and methodology, content development, personal reflection, 

support, and final products. Process and methodology highlighted the iterative cycles of 

research, reading, writing, and revision. Content development uncovered the underlying 

principles that guided the development of NGSS aligned curriculum resources. For 

personal reflections, I sorted it into questions, emotions, and goals. Support provides 

information about the feedback and comments of my committee members and the use 

of resources that helped me improve the resources. The anchoring phenomenon-based 

curricular resources, resource development guide, and this research are the final 

products. See Appendix B for the resource guide. 

The curricular resource development was a progressive process that involved 

multiple cycles of researching, reading, summarizing, writing, revising, and refining. I 

started by researching educational theories, the NGSS, anchoring phenomena, and 

educational materials. This initial step of research and exploration helped me establish 

the main concepts of my research project and refine my definitions.  

With this fundamental knowledge, I embarked on unpacking the NGSS 

performance expectations and matching my anchoring phenomenon-based curricular 

resources with the three-dimensional learning framework. This required an in-depth 

investigation of the standards’ disciplinary core ideas, crosscutting concepts, and 
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science and engineering practices. Throughout the unpacking of the performance 

expectations and aligning them with the selected phenomenon, I was able to make sure 

that my curriculum resources were closely aligned with the learning goals and 

objectives established by the NGSS. 

As I worked on the different components of my curriculum resources, such as the 

sequence of activities for a non-formal event, which included, instructions, storyline, 

resources for each station, activities, and outcomes, I engaged in ongoing cycles of 

writing, feedback, and revision. This iterative process allowed me to refine the content, 

structure, and language of my resources, ensuring that they were hands-on, engaging, 

and dynamic for the students. 

Throughout this journey, I regularly brainstormed the content development of the 

curriculum resources, adjusting and adapting my approach as needed. For example, 

after getting feedback from my committee members about the alignment of the content 

it was necessary to revisit my process and make improvements to the resources to get 

a better fit between my resources and the overarching goals and objectives. Figure 2 

exemplified the iterative process of developing, getting feedback, and improvement. In 

this case, I initially created a draft of the concept map to use for the curriculum 

resources, then I presented it to my committee members to get feedback from them. 

Their suggestions helped me to refine the connections between the concepts and 

alignment with the performance expectations.  

“After listening to Emil, Ana, and Brett I have a better understanding of how the 

concepts might work together” February 22, 2024  
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Figure 2. Drafts of the concept map 

 

Note: Differences in the concept map and task learning performances of the anchoring 
phenomenon-based curricular resources before and after getting feedback from my 
committee members.  
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The difference between the one I made initially and the second concept map was 

that the first one was not showing a clear connection between the concepts while the 

second one shows the complexity of the phenomenon. The second version also broke 

down each of the concepts in a better way and reflected how they matched the 

performance expectations and the task learning performances. This flexibility and 

willingness to rewrite, rearrange, and refine my work was a crucial aspect of my process 

because it allowed me to consistently improve the quality and effectiveness of my final 

products.  

Adopting this research methodology which was based on an in-depth 

understanding of educational theories and standards allowed me to create a curriculum 

resource. This resource met the learning needs of students aligned with the NGSS and 

represented the best practices in non-formal science education. The final products, 

including this research paper, the anchoring phenomenon-based curriculum resources, 

and the resource development represent the culmination of my journey. These products 

reflect the insights, revisions, refinements, and personal reflections at every stage of the 

research and development process (Table 1) and are described in the next section.  

The thinking process that led me to select these themes for the analysis was 

guided by the examination of my journal and the quotes that emerged from it. Each 

theme was chosen to capture a distinct aspect of the process, reflecting the way I 

navigated the process along the way.  
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The theme process and methodology highlight the systematic steps that were 

relevant throughout the development of the products and artifacts, such as researching, 

summarizing, writing, refining, methodologies, data analysis, designing the framework, 

and making progress in each section of this Plan B. This theme served as the journey’s 

roadmap. Content development emerged as describing the curriculum resources 

development process. Unlike the previous theme, this theme encapsulates the iterative 

process of developing anchoring phenomenon-based curricular resources.   

My questions and feelings led to the emergence of personal reflection, which 

were motivated by the confidence in my knowledge, status on it, and progress. The 

questions and reflections were related to the way I was navigating the process and my 

status on it. For example, in my first journal entry on October 23, 2023, I wrote: “Which 

are the theories that I am going to apply?”  On January 23, 2024 there’s a personal 

reflection that reflects a high level of confidence, satisfaction, and knowledge: “I have a 

better understanding of which concepts might be helpful and what the anchoring 

phenomenon, disciplinary core ideas, crosscutting concepts, and science and 

engineering practices are”. To get to this point and coming from the science field without 

listening about teaching concepts before, the readings about my educational theories, 

the three-dimensional learning, and anchoring phenomena were helpful to improve my 

understanding of these concepts and figure out the connections among them and 

relevance to my curriculum resources.  

Support was crucial for successfully navigating the difficulties of creating 

anchoring phenomenon-based curricular resources. The feedback from my committee 

and the use of resources, such as templates, examples of curriculum resources, and AI 
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was of great help for the process. The theme of final products encompasses the 

culmination of the journey and the outcomes: the resource development guide, 

anchoring phenomenon-based curriculum resources, and this research.  Throughout the 

process, the meetings with science experts to talk about western tiger salamander 

migration in Laramie was a key component. These discussions helped me to 

understand the migration, status of conservation of salamanders, challenges they face 

during their lifecycle, and the effects of these challenges on their lifecycle and 

populations. 
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Table 1. Themes and Codes Elicited in this Self-Study  

Themes Codes Quotes Reasoning/Explanation 

Content 
Development 

Adapt Vocabulary, concepts, 
curriculum resources, Instructions, 
NGSS standards, outcomes and 
public, stations, storyline, 
summarize, three-dimensional 
learning, unpacking, visuals, and 
writing 

On March 15, 2024, I wrote: “Write 
the instructions for the bends and 
stations of the rally, add resources, 
and keep working on comments of 
chapters 1, 2, and 3. 

This theme encompasses the 
process taken while I was working 
on the curriculum resources. 

Process and 
Methodology 

Analysis, coding, drafts, looking for 
theories or resources, reading, 
rewrite, writing  

On February 5, 2024, I wrote: 
“Keep working in chapter”. 
 

  

Under the theme are included codes 
related to my process. All of them 
are the steps throughout my 
journey. From understanding ‘what 
is a phenomenon?’ to starting the 
analysis. 
   

Personal 
Reflection 

Emotions, questions On January 23, 2024, “I have a 
better understanding of which 
concepts might be helpful and 
what the anchoring phenomenon, 
disciplinary core ideas, 
crosscutting concepts, and 
science and engineering 
practices are”. 

  

This theme includes all the codes 
related to my emotions, reflections, 
and questions regarding my process 
in the development of the artifacts. 
These codes reflect how confident I 
was feeling with my process and 
which are the things I was struggling 
with or needed help.  
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Table 1, cont. 

Themes Codes Quotes Reasoning/Explanation 

Support AI, feedback, meetings, templates 
or examples, workshop, writing 
center 

On January 24, 2024, I wrote 
“Before the meeting, I was 
feeling stuck about what I should 
be doing. During the meeting, 
they gave me instructions on 
what I need to do during the 
week and how unpacking the 
standards would be helpful to 
find out which one is the better fit 
for my project”. 

  

Under this theme are included the 
codes related to external resources, 
meetings, and support from others 
who guided me or helped me with 
feedback. 

Final Products Research paper, resource 
development guide, and anchoring 
phenomenon-based curricular 
resources 

On November 16, 2023, 
“Defining the products of my 
master’s project paper and 
graduate assistantship. I am 
going to develop the thesis, a 
guide, and resources. The 
theories selected for my 
theoretical framework are social 
constructivism, place-based 
education, and problem-based 
learning”. 

  

Under this theme are included the 
codes related to the outcomes of my 
research.   
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Content Development  
This theme mainly focused on how I developed the anchoring phenomenon and 

theories involving the process of creating curricular resources for middle school 

students. The work involved researching and identifying standards, selecting the grade 

level, and similar works to mine or templates from others.  

This theme is tied to the self-study because it explains my process in developing 

the curriculum resources. This started, with finding the scenario for the phenomenon 

and educational theories embedded within them, unpacking the standards, and aligning 

my curriculum resources with the three-dimensional learning of the NGSS. It culminated 

with creating the educational rally event, its storyline “bends” used to create stations, 

and selecting the resources to use within each station, finally adapting it for a younger 

public group that attended the Western Tiger Salamander weekend day event.  

To find the scenario for the phenomenon I looked at the resources the 

Biodiversity Institute already had and did a list of species with few or not educational 

resources and need attention from the general public. The educational theories were 

selected based on the desired outcomes and ways to involve the public. I identified 

relevant standards and unpacked them into learning objectives. The educational rally, 

storyline “bends”, and stations were designed based on the performance expectations 

from the selected standard and the concepts of importance for the standard and my 

phenomena. Within each station, I carefully selected resources such as videos, notes 

from local news, maps, tables, and pictures that illustrated and helped to explain the 

phenomenon. Finally, I created and assessment to measure students’ comprehension 

of the phenomenon and piloted the rally during Salamander Saturday. The adaptation 
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for younger audience in Salamander Saturday required simplifying the language and 

creating activities (maze, word search puzzle, and crossword).  

Finally, in the appendix you will find the draft of the resource development guide 

produced for the Biodiversity Institute with more details about the previous steps 

mentioned. 

Process and Methodology 
This theme included the actions of my journey, from looking for resources, 

reading, writing, summarizing, to analyzing the journal. It included rewriting the sections 

to improve the flow and connections among the sections and chapters.  

The most repeated steps in the process were classified as codes under this 

theme. These were: reading, writing, looking for theories or resources, brainstorming, 

flow, summarizing, rewriting, and concepts. Throughout my process, most of the time I 

worked on the education theories and framework, which is reflected in the analysis as it 

is the code with the highest frequency (153).  

Despite the overlap between the two the process and methodology theme differs 

from the content development one because this theme described the general processes 

that capture all the aspects of my work, while the content development theme 

encapsulated the process of content development.       

Support 

     A vital component of the process was concurrent meetings and getting 

feedback from my committee members to improve the present research and curriculum 

resources. Having recurring meetings with the salamander experts and being able to 
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reach out to them with my questions helped me to get a better understanding of the 

salamander migration in Laramie and they shared resources with me. I used templates 

and models of similar works as resources to help me navigate the process.  In addition, 

the meetings with my committee and using AI tools like ChatGPT and Gemini to unpack 

the standards were valuable. I used them to unpacked the standards using prompts 

such as elaborate major ideas in the element, describe the practice and its components, 

and identify substantive intersections with science practices and disciplinary core ideas. 

AI tools were also helpful to simplified the vocabulary for younger audiences. The 

biggest changes I noticed while I was working on my outcomes after getting support are 

reflected in the drafts of the framework and literature review chapter and the resources I 

did. Here are some examples about how external support was meaningful and for which 

tasks.  

“Motivated about how can I use AI to develop my project. The more I know about 

AI, I found it helpful but also scary” January 31, 2024  

“After the meeting with my committee members, it was of great help the feedback 

they gave me on the connections between the concepts and how can I start 

thinking of the takeaways of students” February 16, 2024  

Personal Reflection  
This theme described my feelings, reflections, and questions during the process. 

My feelings throughout this process ranged from feeling tired, confused, and frustrated 

at times, to feeling motivated, inspired, and confident at other times. Sixty-four percent 

of the time I had positive emotions and 35% of the time, they were negative. This was 

unexpected for me as most of the time I felt concerned about deadlines and graduation, 
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finding motivation for certain tasks, and making connections between the sections and 

theories of my research. However, they also showed how I navigated the challenges 

and found confidence with the guidance and support of others. Working on the 

educational theories and framework and analysis were the steps of the process that 

made me feel more frustrated and anxious. The content development, curriculum 

resources, and Salamander Saturday made me feel confident and satisfied with my 

progress. During the second cycle of the analysis, I noticed this project was driven by 

my curiosity, passions, and emotions. So, in the third cycle, I break the emotions into 

positive and negative. 

Final products  
This theme was about the final products of my Plan B research project which are 

the project paper, the curriculum resources, and the resource development guide. For 

this group, I mainly describe the outcomes and how I was wrapping them up. For 

example, on March 15, 2024 I wrote that I would “Write the instructions for the bends 

and stations of the rally, add resources, and keep working on comments of chapters 1, 

2, and 3” and how was helping to have “Having all set for Salamander Saturday and 

defense of my research paper. Another example with a similar structure can be found 

on March 27, 2024. This example details how I approached the final steps of writing this 

paper and the analysis of my journal. That day I wrote that I was doing “Install atlas ti, 

make edits to chapter 3, improve the survey and crossword puzzle for salamander 

Saturday” and it was helping “Moving towards salamander Saturday and the defense”.  
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Analysis of Co-occurrence 
In qualitative data analysis, co-occurrence is the tendency for certain codes to 

appear together frequently. In this case, the analysis of co-occurrence helped me to 

identify the conjunction of codes (Figure 3), some of these concurrences were obvious 

such as educational theories - content development but others revealed intriguing 

insights about my process, for example, questions - analysis, emotions - negative, 

emotions - positive (Table 2).  

Figure 3. Analysis of co-occurrence among the codes 

 

Insights from the codes with the highest co-occurrence 

There was an interesting connection within the emotions code. At the beginning 

of the project, I was feeling confused about the educational theories and content 

development which was reflected in the emotions (emotions-negative). As I kept 

working, I felt more confident with my progress and there was a switch to positive 
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emotions (emotions-positive). The co-occurrence of questions-analysis suggests a 

connection between the encountered challenges of the analysis. Table 2 shows some of 

the main co-occurrences with quotes and examples from this process. 
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Table 2. Codes with key co-occurrences 

Co-
occurrence 

Quotes Reasoning/Explanation 

Educational 
theories - 
content 
development 

 “The fact that I am working in the theories and 
resources at the same time is giving me a better idea 
about how my theories connect to the resources” 
February 2, 2024  

At the beginning of this research took me a while to 
understand the theories and how can I incorporate them 
to the curriculum resources. In fact, I got a better 
understanding of the theories once I start working on the 
content development.  

Questions - 
Analysis 

“How do you analyze a journal?” Nov. 11, 2023 
 
“How can I do a qualitative analysis”? Dec.12, 2023 
  
“How might the analysis of this journal will look like?” 
February 23, 2024 
 
“When I will get Atlas ti and start the analysis of the 
journal” March 7, 2024 

This is one of the co-occurrences I didn’t notice until the 
analysis. Without realizing it, I was thinking and 
wondering about the analysis all the time.  

Emotions - 
negative  

“Confused about the steps of my project and theories I 
need to apply.” October 24, 2023 
 
Frustrated. I do not find information 
November 27, 2023 

Confusion and frustration were two of the most recurrent 
emotions throughout the project.  

Emotions - 
positive  

“More confident about the direction of my research 
project.” 
January 25, 2024  
 
“This draft is better than the one from last semester, 
so I feel more confident, and hopefully will get a green 
light.” March 5, 2024 
 

As I walked down the path of this journey, my knowledge 
and comprehension improve as well as the way I was 
knitting together all the pieces and artifacts of this project.  
 
Getting back to our meetings with Ana, in a couple of 
them she said this metaphor: Imagine yourself as when 
your clean your room and have all the messy piles of 
random objects, but now you are rearranging and putting 
together all the elements.   
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Chapter 5 

Discussion and Conclusion 
Interpreting and Contextualizing the Results  

The results of my study add to the existing literature already available on the 

creation of scientific curricula and the application of the NGSS (2013) by bringing on the 

alignment of non-formal education with the three-dimensional learning, educational 

theories, and bridging the gap of researchers and communication with the general 

public to improve science education and wildlife conservation. The anchoring 

phenomenon-based approach I used in designing my curriculum resources is based on 

the principles of social constructivism, place-based education, and problem-based 

learning, as espoused by other authors (Vygotsky 1933; Sobel 2004; Barrows 1968). By 

situating the learning within a relevant and engaging local context, my curriculum 

resources aim to foster students’ active construction of knowledge and their connection 

to the natural world by echoing the principles of these educational theories.  

Broader Implications and Applications 

 When appropriate, we might employ strategies that involve members of the 

community in scientific issues that naturally engage with their interests. According to 

Strand et al. (2003), community-based research aims to solve community problems and 

promote social constructivism change by concentrating on a topic that is relevant to the 

community, with equal involvement of community members and researchers to produce 

favorable results. Science communication can be seen as a vehicle to improve the 

understanding of and support for science through the lenses of scientists and science 

organizations as well as participants in public communication (Simis et al., 2003). The 
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prevalent and unyielding deficit (knowledge transmission) paradigm in scientific 

communication underscores the restricted impact of science communication research 

on practical applications. The operationalization of scientific communication studies 

requires relationships between researchers and practitioners (Seethaler et al., 2019).   

Given this, the curriculum resources and resource development guide I created 

through this research project have the potential to be a bridge within the fields of 

outreach and non-formal education and biodiversity conservation. My work could be a 

useful model (Figure 7) for other educators and curriculum creators who want to apply 

anchoring phenomenon-based curriculum and research-based science education 

aligned with the NGSS to their work in this field.  

The resources also have wider adaptability as they were made to be modified for 

various grade levels and the interested public, which increases the likelihood of them 

being used.  Other educators or professionals could follow the steps of my journey and 

its principles to create context-specific resources for their species of interest, 

classrooms, or school districts. They will only need to adapt or adjust the activities and 

context to fit the particular needs of their students and local environments. For example, 

people working in non-profits with conservation projects related to wildlife conservation 

can create anchoring phenomenon-based curriculum resources with the species they 

work aligned with the NGSS, even they might not have professional teaching 

experience. By providing a model on how to use anchoring phenomena and aligned 

with the NGSS, the guide can support non-formal educators in the creation of 

curriculum resources. 
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In addition, the research methodology and conclusions presented here might 

support the current academic and educational bibliography about successful 

approaches to developing species curricula and non-formal education development. 

The process of transferring my work with the scientists into a tangible educational 

resource can be seen as an interdisciplinary approach as biodiversity researchers and 

educators will work together towards increasing the awareness of species and their 

ecosystems that need more attention from the general public. Developing hands-on 

activities that directly connect students to the anchoring phenomenon will promote 

experiential learning. An inquiry-based learning will be boosted by encouraging curiosity 

using the driving and sub-driving questions, as well as prompting students to investigate 

and discover answers on their own.  

I would like to make my experiences, struggles, and steps to inspire and guide 

others to make more anchoring phenomenon-based curricular resources in the context 

of wildlife as the anchoring phenomenon. The use of these resources has the potential 

to help improve connecting science education to conservation efforts.   
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Figure 7. The model to create anchoring phenomenon-based curricular resources 
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Iterative and Improved Process Through Self-Study  

The inclusion of a self-study component helped me to identify how the creation of 

anchoring phenomenon-based curricular resources was an iterative process. The self-

study and curriculum resources development worked together as I was able to track, 

define, and record my process, which also ended up being the process and 

methodology theme. The recurrent reflections improved my knowledge and ways of 

navigating the process, this can be seen under the theme of personal reflection.  

The self-study and content development theme aimed to show educators how 

they can cultivate a deeper understanding of pedagogical theories, instructional 

strategies, and curriculum design principles. By incorporating these elements, they may 

be able to make better decisions that resonate with their students’ community, learning 

needs, and interests. In the support theme, I recognized the value of having recurrent 

meetings with salamander scientific experts and my committee members to improve the 

curriculum resources and also using templates, AI tools, and previous examples from 

others. Consequently, the guide has references to many external resources I used.  

 In addition, the resource development guide would not have been possible 

without the self-study component. This guide is a summary of my self-study journey’s 

observations and notes providing educators and curriculum developers with a road map 

to create more educational resources. People who might replicate my process may 

have an easier time making the anchoring phenomenon-based curricular resources 

because the self-study clarified the process I went through. The final products theme 

encapsulated the outcomes and last steps of the road map.  
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By engaging in this self-study, I feel more empowered in terms of how I can 

improve my teaching and I earned the ability to critique my process and find the areas 

of improvement. The areas of improvement are that know I am able to develop non-

formal curriculum resources aligned with educational theories and the NGSS. Other 

educators, could benefit by using this methodology as it encourages a culture of 

innovation and continual improvement by adopting a self-study methodology in their 

professional practice (Aubusson and Gregson, 2008). This could ultimately enhance 

students’ learning experiences.  

In becoming an educator, one is continually accumulating knowledge, and 

reassessing how that knowledge plays a role in who they are and what they hope 

to teach. The struggle to define definitive teaching -this is what I want students to 

know, and this is how I want them to know it - is always precarious because we, 

as human beings, are constantly changing. What we hold to be true one day, 

might change the next. Teaching becomes a quest for self-knowledge. We begin 

to examine our own lives, and in turn, prompt the self-examination of the lives of 

the students we teach (Kaplan, 2002). 

I included this quote, as it perfectly describes how I felt after this self-study.  What 

we know today might not be enough for tomorrow, so as educators, we need to 

constantly reflect on our own teaching and how we can improve it for the benefit of our 

students, community, and in my case as somebody who loves being in the outdoors, 

also the biodiversity of our planet.   
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Limitations and Future Directions  

The journal, although it was the primary tool of my self-study, was not started in 

parallel with this research. Therefore, I do not have journal entries for the first two 

months. This influenced my thematic analysis by not including the first steps of content 

development (reaching out to researchers and learning what is a phenomena). 

However, this self-study also helped me to notice that I am a paper-and-pencil person. 

There are so many things missing in the electronic journal but if you looked at my 

physical journal, there are notes in it starting at the beginning of my graduate 

assistantship and research. The notes from my physical journal are not part of the 

analysis but were used for the resource development guide’s construction.   

The curricular materials and resource development guide created as a result of 

this research study show promise for science instruction, but they are not without 

drawbacks. Since the materials were created in the context of middle school but applied 

in an open public event with children around 4 – 10 years old, more research and 

modification may be necessary to see how well they work in different settings or grade 

levels. Furthermore, because the development process is progressive and based on 

feedback, the finished resources will need to be tested and assessed after the 

competition of this study.  

Future research could explore the long-term learning and impacts of the 

curriculum resources, as well as how well they support students’ learning, engagement, 

scientific curiosity, and biodiversity curiosity. Studies that compare the benefits of the 

anchoring phenomenon-based approach to traditional education could also provide 

valuable insights. Additionally, the application and adaptation of this process by other 
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educators and researchers would strengthen the resource development guide and 

materials’ relevance and impact by providing possibilities for improvement in the 

knowledge of students and biodiversity conservation.  

Conclusion  

The findings of this research project contribute to the ongoing efforts of outreach 

and non-formal education to improve their curriculum resources by providing a model 

for the development of materials that are aligned with the NGSS and adaptable to the 

needs of students and the local environment. This research has emphasized the 

importance of the process in developing anchoring phenomenon-based curricular 

resources. To ensure that the steps and materials produced by this project are efficient 

and meet the needs of educators and students future research needs to be developed. 

The future research needs to look at the outcomes and long-term learning of developing 

anchoring phenomena-based curriculum resources in the context of biodiversity and 

how this can help to improve science communication among the general public.   
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Appendix 1 

Appendix 1. The spreadsheet of my journal showing the questions and categories I recorded through my journal entries 
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Appendix 2 Guide Overview  
How to create anchoring phenomenon - based curriculum resources within the 

biodiversity context? 

 

 

For a digital copy of the guide please email me to salkalex97@gmail.com 
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