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Abstract

With the recent adoption of the Next Generation Science Standards in Oregon, there is a
great need for teachers to be trained to effectively implement the three dimensions of the
Next Generation Science Standards (NGSS) in their teaching. Time and location are the
largest constraining factors that affect teacher participation in professional development
trainings. To address this constraint, Tryon Creek State Park offered a NGSS professional
development training opportunity for teachers that was integrated within a field trip that they
took their students on. Before the field trip, teachers were introduced to the NGSS through a set
of NGSS pre-field trip materials which informed them about the NGSS and how aspects of it
would be integrated into their students’ field trip. Teachers accompanied their students on a
two-hour long field trip at Tryon Creek State Park where teachers observed nature guides model
NGSS-aligned activities for the students. My research aimed to answer the following question:
How will an informal science education program at Tryon Creek State Park affect K-2 teachers’
awareness of the Next Generation Science Standards? Outcomes were measured through a
pre/post retrospective survey and follow-up interviews. On the survey teachers reported little
awareness of the three dimensions of the NGSS and very few of the teachers increased their
understanding after the treatment. On the other hand, most had a high level of awareness and
confidence in teaching factual information supporting the NGSS prior to treatment, resulting in a
ceiling effect. Interviews suggested that few teachers read the materials sent in advance of the
field trip, but teachers who did read the materials indicated increases in understanding of the
NGSS. During the field trip several of the nature guides were effective in modeling science and
engineering practices. These findings suggest that this method of professional development is

promising, but needs further refinement.



Dedication

For the people of American Samoa



Table of Contents

ADSTFACT ...eeeeeeieeiiiereeeriirenereescsenneeeesessssstsessessssessesssssssessesesssssasssssssesessesssssneasssssssessesessssaneasssssnne i
[ 1= o [T ot o oY o T ii
I o T i 1] o1 L= N iv

LISE Of FIGUIES....uceieecreeeecerirneeceeeeesreeieseeesnneesasessseesssasssnesssasessssssssessssessesssanssssasssessssssssasssnn v

Chapter 1
1100 T 11 Lot 410 Y o TS 1

Chapter 2
LItErature REVIEW...uueuueeeieereieirereisieissnsnsenteenensesesesssssssssssasessassansesssessessssssssassssassansanssessesssasses 5

Chapter 3
1Y =1 o Vo Yo L3 18

Chapter 4

Chapter 5
DS CUSSTION . e ccereeenruntaeretetreressssessssnssssntarssnsesesessesesssssssssssaseansenessssesssssssssnsnsansansanessssessansanesess 52

Chapter 6
(3 0=Y L= T 1 (o= TN 63

Appendices

A. NGSS pre-field trip materials.........cceeiveiverensinieeneenrneeseeeeseesseesseeesssssssassesees 64
B. Measurement INStrUMENTS.......ccccviiiininnniiiniinniiisinniamsisssnensenssssssranssssssssnssssssssns 77
C. INTErVIEW tranSCriPts ....cccecceeerrnrerrnnereseeeessenesssnneresssasesssaressnnsessnsessessassessnsasssssae 87



List of Tables
Table 1. Teacher Awareness and Confidence in Teaching Disciplinary Core Ideas Before
and After Treatment ... s s s s s ass s s enes 28
Table 2. Teacher Awareness and Confidence in Teaching Science and Engineering
Practices Before and After Treatment ..........cceniirineiiiisisnsnnsne et 31
Table 3. Teacher Awareness and Confidence in Teaching Crosscutting Concepts Before
and After TreatMent ... s s s s s s ass s s enes 34
Table 4. Teacher Awareness of NGSS General Knowledge Before and After
LI 111 =T 1) N 37

Table 5. Activities each teacher reporting seeing on the field trip ....c.ccccecceevveeerreecenne. 41



List of Figures
Figure 1. Teacher awareness and confidence in teaching Disciplinary Core Idea prior to
TrEATMENT (NZ17) et ceeerreecveeeesaeeesseesesesseessassnesenasesas sessessrsaessnssnasesnssessessrsaes 28
Figure 2. Teacher awareness and confidence in teaching Science and Engineering
Practices prior to treatment (N=17) ...eicviinneenneennreeineeeesneeeneesseensssessssssssesssssesassssasens 31
Figure 3. Teacher awareness and confidence in teaching Crosscutting Concepts prior to
TreatMENT (NS17) coccceeei et ceeeeaeeseeereeernaeesaesssseesssssssnssssasssssesasesasasssnssssnsssnssnnasessean 34

Figure 4. Teacher awareness of general knowledge of NGSS prior to treatment

Figure 5. Total number of statements each teacher reported an increase in awareness
or confidence after treatment ..........coieciiiiceincc e e e e ene 38
Figure 6. Total number of teachers that reported engaging in each NGSS pre-field trip

material

Figure 7. Total number of teachers that reported seeing each NGSS activity on the field
TFIP (NZ17) ettt eneesreeessaesssaeesasssssessseaessnsssnasesnssesasesssaessessrnasssns senasesnsaessessrnae 40
Figure 8. Number of teachers that reported which part of the field trip helped them to
understand the Disciplinary Core Idea: Structure and Function (n=17) ......cc.cceeeeneee. 41
Figure 9. Number of teachers that reported which activities they saw the science and

engineering practice of constructing explanations (N=17)......ccccceccerrerrrverrvenrrrrerneesaeens 42



Figure 10. Number of teachers that reported which activities they saw the Science and

Engineering Practice: Developing and Using Models (N=17).....cccccceverreerrrrrrneecreenseesnens 43

Vi



Introduction

The sweet aroma of the Western Red Cedar, the sound of the Pacific Wren’s
melodic tune, the sight of Pileated Woodpeckers hammering holes into the trees, the
feel of the gentle, misty rain. This isn’t your typical classroom. But teachers will extend
teaching to outside of their classroom walls and take their students on field trips to have
experiences such as these at Tryon Creek State Park. Tryon Creek State Park, located in
SW Portland, Oregon conducts a Field Trip Program which offers educational
experiences for kindergarten through elementary students year around. Trained
volunteer nature guides facilitate various themed field trips, which explore topics such
as animals, insects, plants, and watersheds.

While learning in the classroom has its benefits, there is something valuable
about experiencing the natural world first hand that pictures in textbooks or videos
about the natural world can’t bring, making field trips to Tryon Creek a unique and
memorable place to learn for both teachers and students alike. Tryon Creek’s Field Trip
Program is a chance for teachers to connect science to the real world, which teachers
have reported were among their top needs in professional development (Chval, Abell,
Pareja, Musikul, & Ritzka, 2007). Through hands—on activities, group collaboration, and
direct observations facilitated by trained nature guides, teachers help students make
connections to key scientific concepts and gain ideas about how activities can be

incorporated in the classroom.



All field trip programs at Tryon Creek are aligned with the Next Generation Science
Standards (NGSS), the most recently developed set of standards that that has been
adopted to guide K — 12 schools in sixteen states, including Oregon, in the areas of
science (NGSS Lead States, 2013). What sets the NGSS apart from previous science
standards is that its foundation is built on three dimensions: Disciplinary Core Ideas,
Crosscutting Concepts, and Science and Engineering Practices. Disciplinary Core ldeas
consist of content from disciplines in the Life Sciences, Physical Sciences, Earth and
Space Sciences, and Engineering. Crosscutting Concepts are ideas that can be found in
all science disciplines and bridge science disciplines together. Science and Engineering
Practices are ways in which students apply scientific content knowledge in a way that
reflects how science is conducted in a real world setting.

The field trip program studied in this project was called the Adaptable Animals
Program. The program aimed to support NGSS Performance Expectations at the
kindergarten, first, and second grade level by developing a deeper understanding of
how plants and animal parts (structures) allow them to live (function) successfully in the
Tryon forest. Adaptable Animals, in particular, focused on teaching the Disciplinary Core
Idea of Structure and Function in Living Organisms, the Crosscutting Concept of
Structure and Function, and the Science and Engineering Practices of Developing and
Using Models and Constructing Explanations.

Because the NGSS was only released in 2013, there is limited research on learning

and teaching using the three areas of NGSS. With the recent adoption, teachers need to



be trained to effectively implement the three areas of NGSS in their teaching in order to
help students connect science to the real world and develop a conceptual
understanding in science.

Time and location are the largest constraining factors that affect teacher
participation in professional development trainings (Chval et al., 2007). Non-formal
education programs have played a role in teacher professional development (Melber
and Cox — Peterson, 2005; Holliday, J. Lederman, & N. Lederman, 2014; Sackes, Trundle,
& Krissek, 2011; Anderson, Kisiel, & Storksdieck, 2006). To address this constraint, Tryon
Creek State Park offered a NGSS professional development training opportunity for
teachers that was integrated within a field trip that they took their students on. Before
the field trip, teachers were introduced to the NGSS through a set of NGSS pre-field trip
materials which informed them about the NGSS and how aspects of it would be
integrated into their students’ field trip. Teachers then accompanied their students on a
two-hour long field trip at Tryon Creek State Park where teachers observed nature
guides model NGSS-aligned activities for the students.

My research aims to answer the following question: How will an informal science
education program at Tryon Creek State Park affect K — 2 teachers’ awareness of the
three dimensions of the NGSS and confidence in teaching science concepts? The
informal science education program studied was the Adaptable Animals Field Trip
Program which was conducted at Tryon Creek State Park. The participants of the study

were K-2 teachers who accompanied their students on the Adaptable Animals Field Trip.



The treatment of my research included 1) the materials that were emailed to the
teachers prior to attending the field trip which informed them about the NGSS and how
it will be integrated into the field trip and 2) the NGSS aligned field trip program
experience.

Outcomes were measured through a pre/post retrospective survey and follow-
up interview. After attending the field trip, each teacher was invited to complete a
survey which asked them to report how they felt about their understanding of the three
dimensions of the NGSS before the field trip and after the field trip. The survey also
asked teachers to report which of the pre-materials they read or used before attending
the field trip. All teachers who completed a survey were invited to participate in a
follow-up interview.

Although there is little objective research on the effectiveness of Tryon Creek’s
Field Trip Program, | predicted that the Field Trip Program would help teachers gain an
awareness and confidence in teaching the three dimensions of the NGSS. For example,
in looking at the structure of a woodpecker beak, teachers would be able to see how its
structure allows a woodpecker to make holes on trees. Or, in observing the structure of
a seed, teachers would be able to see which structures help a seed survive. Seeing
examples of instruction should help teachers gain a better understanding of how to
integrate aspects of the Next Generation Science Standards. The act of participating
alone does not give teachers the tools they need to be able to teach NGSS. Therefore,

materials were provided to help teachers with the higher-level skills needed to teach



these. In other words, participation in the field trip is not sufficient and meta-cognition
is essential. Since teachers have these experiences in the Adaptable Animals Field Trip
and accompanying materials, my hypothesis was that they would become more aware
of three dimensional learning as called for in the NGSS, and more confident in teaching
science.

Literature Review

With the recent adoption of the Next Generation Science Standards in Oregon,
local school districts are expected to develop their own implementation plans and
professional development opportunities regarding the new standards. Currently, there
are few professional development opportunities for teachers to receive training
regarding the NGSS and many teachers are expected to find resources independently.
Informal education programs have played a role in teacher professional development.
The Field Trip Program at Tryon Creek State Park aims to support this need by providing
teachers with information regarding the NGSS and an opportunity to see how the NGSS
is integrated into a two-hour field trip.

The bodies of literature that supports this research project falls into four areas: 1)
science teachers’ professional development needs 2) the goals of the Next Generation
Science Standards, 3) the current state of NGSS in Oregon, and 4) the role of informal
science education programs. This literature review synthesizes these bodies of literature
and discusses how the literature informs the project.

Science teachers’ professional development needs



One of the things | wanted to know as background to the study was what science
teachers’ professional development needs were. Chval et al. (2007) undertook a study
of middle and high school science and mathematics teachers to identify their 1)
experiences, 2) needs, 3) expectations, and the 4) constraints on their ability to attend
professional development trainings (PD). The researchers developed a survey in which
teachers responded to questions regarding these four topics. The researchers
administered the survey to 1000 science and mathematics teachers in the state of
Missouri. Among the top needs reported were developing critical thinking in
science/math; connecting science/math to the real world; and developing conceptual
understanding in science/math. The majority of teachers in the study expected PD to
provide subject specific topics that are aligned with state standards and tests and are
focused on the content and grade level they teach. Teachers also expected PD to be
convenient in terms of location and schedule, as time conflict was the largest
constraining factor that affected teacher participation in PD. However, the research
findings demonstrated that teachers’ experiences in PD did not meet their PD needs and
expectations. The research suggests that since school districts do not have the resources
to design, implement, and fund PD, school districts should make use of other state
resources to develop a coherent PD system.

Zhang et al. (2015) also identified science teachers’ PD needs by conducting a
study of K—=12 science teachers in order to understand what science topics they

perceived they needed improvement on and why. The researchers developed a survey



that asked teachers to select the two major science unit topics from their teaching that
they would like to improve through the PD. The survey was administered to 118 science
teachers who participated in a PD program for over 3 years. The researchers found that
across grade levels, the most common life science topics selected were ecosystems,
plants and animals, and the human body. Similar to the finding of Chval et al. (2007), the
researchers found that teachers needed to improve students’ conceptual understanding
and needed to connect the science topics to real life. Teachers reported that they
needed to improve their instructional strategies by incorporating inquiry—based
approaches and aligning their teaching with new curriculum standards; and on
developing assessments that would effectively evaluate student learning and improve
student performance in standardized tests. The teachers reported that they needed to
improve in these areas because: (1) they were not areas they had been trained in, (2)
they were too difficult for students to learn, (3) they were topics that they lacked
inquiry—based or problem—based instructional approaches, and (4) they were topics that
teachers needed to align with new curriculum standards.

In both studies, among science teachers’ top needs included connecting science
to the real world, developing a conceptual understanding of specific science topics, and
aligning their teaching with new state standards. The largest constraining factor
affecting teacher participation in PD was time conflict: teachers needed PD to be

convenient in terms of location and schedule.



These findings imply that teachers need a professional development program
that helps them to connect science to the real world, develop a conceptual
understanding in science, and one that is convenient in terms of location and schedule.
My project at Tryon Creek State Park aims to address these needs and constraining
factors.

Goals of the Next Generation Science Standards

The Next Generation Science Standards (NGSS) is the most recently - developed
set of standards that were created to guide K - 12 schools in the United States in the
areas of science (NGSS Lead States, 2013). Sixteen states have adopted the NGSS,
including Oregon, where this study is located. What sets the NGSS apart from previous
science standards is the idea that students need to integrate three dimensions—
Disciplinary Core ldeas, Crosscutting Concepts, and Science and Engineering Practices—
in order to be scientifically literate. In adopting NGSS standards, the goal is for students
to be able to connect science to the real world and develop a conceptual understanding
of science as a way of understanding the natural world. There are 12 Disciplinary Core
Ideas, divided into 44 sub-ideas, which consist of content from disciplines in the Life
Sciences, Physical Sciences, Earth and Space Sciences, and Engineering. There are 7
Crosscutting Concepts, which are ideas that can be found in all science disciplines and
bridge science disciplines together. There are 8 Practices, which are ways in which
students are to apply scientific content knowledge. Students need to integrate these

three dimensions in order to be scientifically literate.



According to the National Research Council (2012), the NGSS aims to reflect a new
vision to improve science education and student achievement in the following ways:

1. K-12 science education should reflect the interconnected nature of science as it
is practiced and experienced in the real world.

2. The NGSS are student performance expectations — NOT curriculum.

3. The science concepts in the NGSS build coherently from K- 12.

4. The NGSS focus on deeper understanding of content as well as application of
content.

5. Science and engineering are integrated in the NGSS from kindergarten through
twelfth grade.

6. The NGSS are designed to prepare students for college, careers, and citizenship.

7. The NGSS and Common Core State Standards (English Language Arts and

Mathematics) are aligned.

Two goals of the NGSS mentioned above are to connect science to the real world
and to focus on deeper conceptual understanding of content. Although studies
conducted by Chval et al. (2007) and Zhang et al. (2015) did not look at NGSS standards
specifically, they identified a need for PD around the subject of how to connect science
to the real world and gain a conceptual understanding in science. To achieve this goal,
the NGSS emphasizes that students integrate and engage in the three dimensions of
NGSS: Disciplinary Core Ideas, Crosscutting Concepts, and Science and Engineering

Practices. By focusing on a smaller set of Disciplinary Core Ideas, the NGSS aims to help

9



students develop a deeper understanding of core ideas in science, allowing for more
time to apply their scientific content knowledge to real world situations and connect
their knowledge across science disciplines. Instead of focusing on the memorization of
facts, the NGSS aims for students to apply what they have learned to solve problems
and in new situations. The goals of the NGSS implies the potential for a NGSS aligned
curriculum to address the needs of teachers in science. The field trip program at Tryon
Creek State Park is aligned with the NGSS.
Current State of NGSS in Oregon

With the recent adoption of the Next Generation Science Standards in several states,
there is a great need for teachers to be trained to effectively implement the three
dimensions of the NGSS in their teaching in order to help students to connect science to
the real world and to develop a conceptual understanding in science. In Oregon, there is
currently a lack of funding to implement the NGSS at the state-wide level (J. Rumage,
personal communication, September 26, 2016). This includes funding to conduct
professional development opportunities for teachers regarding the NGSS. As a result, it
is left to local school districts to develop their own transition plans and professional
development opportunities for teachers regarding the implementation of the NGSS. The
advantage of districts being responsible for their own implementation plan is that they
have the opportunity to focus on their unique district needs and priorities regarding
science education. The Oregon Department of Education provides guidance and

suggestions on how districts should be implementing the NGSS. According to Jamie
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Rummage, Oregon Department of Education, the current state of implementation and
teacher professional development regarding the NGSS varies from school district to
school district (personal communication, September 26, 2016). Some school districts
have been developing their implementation plans since the standards were created
while other school districts are just beginning to create their implementation plans.

The disadvantage falls on the teacher. In many school districts, it is the responsibility
of the educator to reach out on their own to figure out where that training can come
from. However, according to the study conducted by Chval et al. (2007), the largest
constraining factor affecting teacher participation in PD was time conflict. With a full
schedule of a teacher, attending PD trainings can be an issue. Teachers need PD
trainings to be convenient in terms of location and schedule.

The Oregon Department of Education provides a website for educators that contains
online resource pages and video clips regarding general ideas about the Next
Generation Science Standards (Oregon STEM Website 2016). The resources on the
website do not necessarily address the specific steps needed to take during this
transition to the new standards. Unfortunately, there are few face to face opportunities
for teachers to receive professional development regarding the NGSS. One face to face
opportunity that addresses the NGSS is conducted through the Math Science
Partnership Grant in the Portland Metro Area. This grant is focused on helping

elementary educators transition to the NGSS with the hope to develop NGSS elementary

11



leaders. However, the grant is limited to 70 teachers, leaving many educators without
any professional development regarding the NGSS.

Because the NGSS was only released in 2013, there is limited research on learning
and teaching using the three areas of NGSS. There is not much research done on the
effectiveness of the NGSS so far. My study will be on the ground floor and aims to help
fill in a large gap.

Role of informal science education programs

There is a substantial amount of literature that shows how informal science
education programs have played a role in teacher professional development. Informal
science education programs include museums, aquariums, and field based programs.
Melber and Cox - Peterson (2005) conducted a study of elementary and secondary
teachers to investigate the impact of three variations of professional development
workshops set within informal (museum and field — based) learning environments on
teachers’ understanding of science content and processes, instructional practices, and
awareness of museum and science field resources within the community. Each teacher
participated in one of three variations of PD workshops. The first workshop was
museum-based and took place at two natural history museums and an automotive
museum; the second workshop was museum and field-based and took place at a natural
history museum and a field site in the Santa Monica Mountains; the third workshop was
field-based and took place at Red Rock Canyon State Park as a weekend camp out. Each

workshop curriculum was developed by the same museum professional, had museum
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educators as workshop leaders, and included interaction with a museum scientist.
Teachers participated in hands-on activities and were also given curricular materials that
translated workshop activities into classroom lessons. The length of each workshop was
a total of 15 hours. The researchers gave a retrospective survey to teachers at the end
of each workshop, which measured teachers’ understanding of science content and
processes, instructional practices, and what elements of the workshop teachers found
most helpful. The survey was administered to 54 teachers. They found that in each
workshop, teachers increased their knowledge of science content. Teachers in the
museum — based workshop gained more science content knowledge than the other two
workshops. However, teachers in the museum — based workshop and the field — based
workshop gained more science process knowledge and they reported that the element
they found most helpful was the opportunity to interact with museum scientists
(entomologist, paleontologist, and ornithologist). They found that in each workshop,
teachers gained knowledge on how to conduct different classroom activity ideas for
different topics.

Holliday et al. (2014) conducted a study of elementary and middle school science
teachers to investigate the impact of exhibits on teachers’ understanding of science
content. Ninety-four teachers participated in one of three groups, each of which
engaged with an exhibit in a different way. The first group engaged in a traditional
guided tour in which teachers were asked to wear headphones and listen to an exhibit

designer (who spoke into a wireless microphone) speak as he led the group through the
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exhibit, thereby making implicit connections to the science content. The second group
engaged in a self-guided tour and were given three guiding questions to answer, also
making implicit connections to the science content. The third group engaged in a
worksheet as they explored the exhibit and were given the opportunity to discuss the
worksheet questions with a PD staff member after, thereby addressing the science
content in an explicit way. Teacher interactions with exhibits were video and audio -
recorded and analyzed. The researchers found that teachers who participated in the
guided tour hardly engaged in discussion throughout the tour. They found that the
majority teachers who had participated in a self-guided tour with guiding questions
merely reacted to the novelty of the exhibit and did not engage in further discussion of
the exhibit. They found that majority of teachers who had participated in completing
the worksheet engaged in in — depth discussions that were related to content and
pedagogy. The findings of this study suggest that when PD staff made explicit
connections between exhibits and science content, teachers developed deeper
understanding of content.

Sackes et al. (2011) conducted a study of pre — K to second grade teachers to
investigate the impact of a four — day summer professional development program on
teachers’ knowledge of earth and space science concepts. Twenty-five teachers engaged
in inquiry — based instruction and hands — on learning of earth and space science
concepts. The researchers administered a pre and post - test consisting of multiple

choice, short answer, open — ended questions, and drawings to measure teachers’
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conceptual understanding of earth and space science concepts before and after
instruction. They found that teachers’ test scores after instruction were significantly
higher than their scores before instruction. These findings suggest that even a short —
term professional development program that addressed earth and space concepts can
increase teachers’ knowledge of these concepts.

| also wanted to learn how most teachers perceived field trips. Kisiel (2005)
conducted a study to identify what motivated elementary teachers to take their classes
on field trips to science museums and other science related sites. He developed a survey
that consisted of closed and open-ended questions and administered it to a total of 115
teachers. Teachers’ responses were coded and eight motivations were identified: to
connect with curriculum, provide learning experiences, promote lifelong learning, foster
interest and motivation, expose to new experiences, provide a change of setting,
provide enjoyment or reward, and satisfy school expectations. The most commonly
cited motivation for taking classes on field trips was “to connect with the curriculum”
with about 90% of teachers citing this motivation. Further examination of this particular
motivation revealed that teachers believed that field trips allowed for students to
engage in authentic, firsthand experiences which they hope will help a student
understand a topic more fully. The field trip conducted at Tryon Creek State Park is
aligned with the Oregon’s science standards, the Next Generations Science Standards.

Anderson et al. (2006) conducted a study to understand teachers’ perspectives

on field trips to museums because evidence shows that museum professionals often do
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not understand the needs of teachers. The study was conducted in three different
countries: United States, Canada, and Germany. Over 200 teachers participated in the
study in which teachers guided their classes on trips to a natural history museum, a
science center, and a planetarium. Data was collected through open-ended surveys,
interviews, and/or observations before, during, and after the field trip. Before the field
trip, teachers were asked to report the major reason for conducting field trips. Just like
in the study conducted by Kisiel (2005), 90% of teachers reported that the major reason
was to “connect to curriculum.” After the field trip, teachers were asked what made for
a successful field trip. It is interesting to note that only 23% of teachers reported that
connection to curriculum was a major motivation “despite the fact that this was stated
as the motivation of the majority of the teachers.” The majority of teachers stated that
student enjoyment was the most important indicator of a successful field trip. This study
pointed out this contradiction.

Findings suggest the following: 1) when PD staff made explicit connections
between exhibits and science content, teachers developed deeper understanding of
content, 2) the opportunity to interact with museum scientists was the most helpful
element for most teachers, and 3) field trips can function as professional development,
especially given the time constraints that make access to PD complicated. The field trip
program at Tryon Creek State Park incorporates all of these.

To summarize: Elementary teachers have a number of needs and expectations that

must be met in order for them to grow and improve their practices which in turn will
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help students to learn effectively. Among teachers’ top needs in science are connecting
science to the real world, developing conceptual understanding in science, and aligning
their teaching with new state standards. Time conflict is the largest constraining factor
that affects teacher participation in PD, and teachers expect PD to be convenient in
terms of location and schedule and that time is used efficiently. However, studies show
that these needs and expectations are not being addressed during their present
professional development experiences.

The Next Generation Science Standards aim to address those needs of teachers to
connect science to the real world and develop a conceptual understanding in science.
But with the recent adoption of the Next Generation Science Standards in several states,
there is a great need for teachers to be trained to effectively implement the three
dimensions of NGSS in their teaching in order to help students to connect science to the
real world and develop a conceptual understanding in science. Because the NGSS was
only released in 2013, there is limited research on learning and teaching using the three
areas of NGSS.

Informal science education programs play a role in teacher professional
development. Several studies have shown that informal science education programs
have helped teachers increase their content knowledge of science and helped teachers
align their teaching with new state standards. However, few studies have been found
that address the need of teachers to develop a conceptual understanding in science and

time constraints.
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Research findings in the three areas suggest the potential for an informal science
education program to help teachers understand the three dimensions of the NGSS,
which will address the need of teachers to connect science to the real world, develop
conceptual understanding in science, and align their teaching with new state standards
at a location and time that is convenient for them.

Given the time constraint teachers encounter which hinders them from
attending professional development opportunities from the study conducted by Chval et
al. (2007), my research proposes a professional development opportunity that is
integrated into a field trip program that they accompany their students on. In this case,
teachers are introduced to NGSS through a set of pre-materials which will prime their
experience. | hope that this method can be a model for introducing the NGSS to
teachers.

From the study conducted by Anderson et al. (2006), it is important to note that
during the day of the field trip teachers were expected to connect the field trip to their
curriculum independently without the explicit help of museum professionals. The study
at Tryon Creek State Park differs from this study in that the program was created to
reflect the Next Generation Science Standards and is facilitated by trained nature guides.
In my study, | propose that if Tryon connects their programs to curriculum, then

hopefully teachers would be able to connect it to curriculum.
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My research will focus on answering the question: In what ways will an informal
science education program at Tryon Creek State Park affect K — 2 teachers’ awareness
and confidence in teaching the dimensions of the Next Generation Science Standards?

Methods
Overview

My research aims to answer the following question: How will an informal science
education program affect K-2 teachers’ awareness and confidence of the three
dimensions of the Next Generation Science Standards (NGSS)? The informal science
education program studied was the Adaptable Animals Field Trip Program which was
conducted at Tryon Creek State Park. The participants of the study were K-2 teachers
who accompanied their students on the Adaptable Animals Field Trip. The treatment of
my research included 1) pre-field trip materials regarding the NGSS that were emailed to
the teachers prior to attending the field trip which informed them about the NGSS and
how it would be integrated into the field trip and 2) the two-hour field trip program with
NGSS aligned activities. Outcomes were measured through a survey and follow-up
interview.

Location and Program

Tryon Creek State Park, an urban forest in Portland, OR, conducts a Field Trip
Program which offers educational experiences for students from pre-school through
fifth grade. The state park offers a variety of themed field trip programs which explore

topics such as animals, insects, plants, streams, and watersheds. The field trip studied in
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this project was the Adaptable Animals Program. The program aimed to support NGSS
Performance Expectations at the kindergarten, first, and second grade level by
developing a deeper understanding of how plants and animal parts (structures) allow
them to live (function) successfully in the Tryon forest. All field trip programs at Tryon
Creek are aligned with the NGSS. Adaptable Animals, in particular, focused on teaching
the Disciplinary Core Idea of Structure and Function in Living Organisms, the
Crosscutting Concept of Structure and Function, and the Science and Engineering
Practices of Developing and Using Models and Constructing Explanations.
Field Trip Scheduling Process

When scheduling the field trip, one teacher was decided to be “point person” to
receive all emails from the field trip coordinator and send all emails to the rest of the
teachers. Teachers registered by filling out a registration form indicating their date
preferences, desired field trip program, school information, teacher contact information,
grade level of students, number of students participating, and other logistical
information such as transportation and lunch details. The teacher emailed the
completed document to the Field Trip Coordinator. The Field Trip Coordinator was
responsible for contacting the point teacher to finalize their dates and details. Tryon
Creek’s field trip program schedule fills up quickly and teachers registered their students
for the field trip program three to four months in advance. Upon confirmation, the Field

Trip Coordinator emailed the point teacher several documents regarding expectations,
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etiquette, chaperones, directions, parking, and a map of Tryon Creek to be forwarded to
the rest of the teachers
Participants

All K-2 teachers who registered for the Adaptable Animals Program during the time
of data collection in April, May, and June of the study year were invited to participate in
my research survey. They were selected from a population of teachers who have
registered for the Adaptable Animals Program at the time of data collection. There were
a total of fifty-one K-2 teachers who registered for the Adaptable Animals Program, and
they were all invited to participate in my research survey following the field trip.
Teachers self-selected to participate in the study. All teachers who completed the
survey were invited to participate in a follow-up interview. A total of 17 teachers
selected to participate in the survey and 4 teachers agreed to be interviewed.
Treatment 1: Pre-Field Trip Materials Regarding the NGSS

Approximately one week before each teacher’s scheduled field trip, the field trip
coordinator sent each teacher an email regarding Tryon Creek State Park’s recent work
to align their Field Trip Programs with the NGSS. The purpose of this email was to inform
the teachers about the NGSS and how it would be integrated into the field trip. The
email contained a letter, program outline, and formative assessment probe. Included in
the letter was a link to the NGSS Introductory video that provided a clear and concise
introduction to the unique aspects of the NGSS which are founded on three dimensions:

Disciplinary Core ldea, Science and Engineering Practices, and Crosscutting Concepts. In
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addition to the three dimensions, the letter explained what NGSS Performance
Expectations (PEs) were and how PEs combined the three NGSS dimensions. The letter
also outlined the three PEs that the field trip program aimed to support.

The email included the Field Trip Program Outline which explained the specific
Disciplinary Core ldeas; Science and Engineering Practices; and Crosscutting Concepts
that are addressed in the field trip. The Disciplinary Core Idea addressed was Structure
and Function; the Crosscutting Concept addressed was Structure and Function; and the
two Science and Engineering Practices addressed were Constructing Explanations and
Developing and Using Models. The Field Trip Program Outline explained in detail the
activities that were going to be facilitated by Nature Guides and outlined the content
goal, activity procedure, and the Science and Engineering Practices that were going to
be used for each activity.

Finally, the email contained a formative assessment probe that teachers were
invited to use as a pre-activity in their K-2 classrooms to set the stage for their students’
experiences during the field trip. The probe focused on the concept that all living things
are made of parts and that all these parts have specific functions to help an organism
survive and reproduce. The purpose of the probe was to help students to 1) recognize
that all organisms have parts (focused on external structures), 2) describe how animals
use their body parts, 3) identify parts of a plant, and 4) describe basic functions of plant

parts (to survive and grow). A copy of the NGSS pre-field trip materials can be found in

Appendix A.
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Treatment 2: Field Trip Program with NGSS Aligned Activities
When teachers, students, and chaperones arrived at Tryon Creek State Park, they

were greeted by the field trip coordinator who provided them a brief orientation of the
schedule of the day. Students were split up into groups of ten to twelve. Depending on
the number of students attending on a certain day, students could be split up into as
many as six groups with a maximum of 10 students in each group. Each group was
accompanied by a teacher or an adult chaperone and participated in a classroom
activity, a hike with NGSS activities, and an overall assessment.
Classroom Activity

In the classroom, students were engaged in an activity that focused on solving a
series of different problems to understand how an organism such as a beaver, frog, or
insect uses its body parts to survive in its environment. These activities explored how
these organisms used their external body parts to gather, carry, obtain food, or protect
itself from danger by developing a deeper understanding of how their body parts
(structures) allow them to live (function) successfully in the Tryon forest. Science and
Engineering Practices of Constructing Explanations and Developing and Using Models
were incorporated.
Trail Activities

Students also participated in a hike of the Tryon forest. During the hike, nature
guides facilitated NGSS-aligned activities. These activities explored how organisms found

in the Tryon forest such as woodpeckers, moles, squirrels, birds, seeds, and stinging
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nettle use their body parts (structures) to help them to live and survive (function) in the
forest. Science and Engineering Practices of Constructing Explanations and Developing
and Using Models were incorporated.
Overall assessment: Create-a-Creature Activity

As an overall assessment towards the end of the field trip, the students engaged
in a final assessment called Create-a-Creature where students were to create a brand
new creature using materials found along the trail and explain how it finds food, eats
food, and protects itself from predators. Science and Engineering Practices of
Constructing Explanations and Developing and Using Models were incorporated.
Measurement Instruments: Survey and Interview
Survey Part 1: Pre/Post Retrospective Survey Methodology

After each field trip, the field trip coordinator emailed each teacher a pre/post
retrospective survey to complete. The survey contained a total of 19 statements which
consisted of 6 statements regarding awareness and confidence in teaching Disciplinary
Core Ideas, 3 questions regarding awareness and confidence in teaching Crosscutting
Concepts, 5 statements regarding awareness and confidence in teaching Science and
Engineering Practices, and 5 statements regarding awareness and general knowledge
about the NGSS. The survey asked teachers to rate their awareness of each statement
before the field trip on a 5-point scale from strongly disagree to strongly agree. The

survey also asked teachers to rate their awareness of each statement after the field on a
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5-point scale from strongly disagree to strongly agree. A copy of the survey is found in

Appendix B.

Pre/Post Retrospective Survey Analysis

The purpose of this portion of the survey was to learn about the teachers’ level
of awareness of aspects of the Next Generation Science Standards (NGSS) before
attending the field trip and to learn if the teachers’ level of awareness increased,
decreased, or remained the same after attending the field trip. Four constructs were
measured and are as follows: Disciplinary Core Idea, Science and Engineering Practices,
Crosscutting Concept, and General Knowledge of the NGSS.

For each of the four constructs, data is organized using a graph and table. The
graph shows teachers’ awareness and confidence in teaching dimensions of the NGSS
prior to treatment. The table shows a comparison of teachers’ responses to the
statements both before and after treatment. This showed me the extent to which
teachers increased their understanding or remained the same after treatment.

Survey Part 2

The purpose of this portion of the survey was to learn what part of the field trip
helped teachers to understand the Disciplinary Core Idea of Structure and Function and
during which activities the teachers saw the Science and Engineering Practices carried

out. The survey also asked teachers to report which pre-field trip materials they used
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and which NGSS field trip activities they saw throughout the field trip. Questions were in
the form of multiple choice and short answer questions.
Interview

All teachers who completed surveys were invited to participate in a semi-structured
Interview to gain an in-depth understanding of the teacher’s answers to the survey
guestions. Questions are found in Appendix B. | hoped to learn what part of the field trip
helped teachers understand aspects of the NGSS the most. The interviews were
conducted by phone and were recorded and transcribed manually.

Results

Disciplinary Core Idea

The first construct was the Disciplinary Core Idea (DCI) of Structure and Function.
In the survey, there were six statements regarding the DCI. Two of the statements
referred to language that is unique to the NGSS. Four of the statements referred to facts
that supported the DCI of Structure and Function.

In the survey, teachers reported how they perceived their awareness and
confidence in teaching each of the DCI statements before the treatment. These
responses were graphed to show the teachers’ level of awareness and confidence to
each statement before the treatment (Figure 1). | found that a majority of the teachers
reported a high confidence in teaching facts that supported the DCI but a low awareness

of the language used in the NGSS.
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In the survey, teachers also reported their awareness and confidence to each of
the statements after the treatment. The responses of each teacher to each statement
both before the treatment and after the treatment are compared in Table 1 and show
how the teachers perceived their awareness or confidence to each statement before the
field trip and how they perceived their awareness or confidence was affected after the
treatment. Teachers either reported that their awareness or confidence in teaching a
statement increased after treatment (gray boxes) or reported “no change” in their
awareness or confidence in teaching a statement (white boxes). | found that only a few
teachers reported increases in awareness and confidence per statement after the
treatment while a majority reported “no change” in their awareness or confidence in
teaching a statement.

Teachers who reported “no change” in their awareness or confidence in teaching
a statement retained a high confidence in teaching facts that supported the DCI.
Because of the nature of the five-point scale used on the survey, the data encountered a
ceiling effect: teachers who reported a high confidence (rated their confidence level
with a 4 or 5) were not able to report if their confidence in teaching these science facts
increased after the field trip. Teachers who reported “no change” in their awareness or
confidence in teaching a statement also retained a low awareness of the language used
in the NGSS. Only a few teachers reported increases in awareness and confidence per

statement after the treatment.
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Figure 1. Teacher awareness and confidence in teaching Disciplinary Core Idea prior to
treatment (n=17).

Table 1
Teacher Awareness and Confidence in Teaching Disciplinary Core Ideas Before and After Treatment

Teacher

Statements

| am aware of the Disciplinary Core Idea of
Structure and Function.

| can help my students understand the
Disciplinary Core Idea of Structure and
Function.

| can my students recognize that all

organisms have external structures.

| can help my students recognize that all

Org: are made of parts.
Ideas that || can help my students recognize that the
support the |function of an object or organism
pal determines its structure.
| can help my students understand that
different animals use their external parts in
different ways to survive, grow and

reproduce.

NGSS
Statements

Note. " -
White boxes indicate "no change" in

awareness or confidence

28



Science and Engineering Practices

The second construct was the Science and Engineering Practices (SEP). In this
program, two SEP were addressed: Constructing Explanations and Developing and Using
Models. In the survey, there were five statements regarding the SEP. Two of the
statements referred to language that is unique to the NGSS. Four of the statements
referred to facts that supported the SEP.

In the survey, teachers reported how they perceived their awareness and
confidence in teaching each of the SEP statements before the treatment. These
responses were graphed to show the teachers’ level of awareness and confidence to
each statement before the treatment (Figure 2). | found that a majority of the teachers
reported a high confidence in teaching facts that supported the SEP but a low
awareness of the language of NGSS.

in the survey, teachers also reported their awareness and confidence to each of
the statements after the treatment. The responses of each teacher to each statement
both before the treatment and after the treatment are compared in Table 2 and show
how the teachers perceived their awareness or confidence was affected after the
treatment. Teachers either reported that their awareness or confidence in teaching a
statement increased after treatment (gray boxes) or reported “no change” in their
awareness or confidence in teaching a statement (white boxes). | found that only a few

teachers reported increases in awareness and confidence per statement after the
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treatment while a majority reported “no change” in their awareness or confidence in
teaching a statement.

Teachers who reported “no change” in their awareness or confidence in teaching
a statement retained a high confidence in teaching facts that supported the SEP.
Because of the nature of the five-point scale used on the survey, the data encountered a
ceiling effect: teachers who reported a high confidence (rated their confidence level
with a 4 or 5) were not able to report if their confidence in teaching these science facts
increased after the field trip. Teachers who reported “no change” in their awareness or
confidence in teaching a statement also retained a low awareness of the language used
in the NGSS. Only a few teachers reported increases in awareness and confidence per

statement after the treatment.
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| am aware of the Science and Engineering Practice of
Constructing Explanations.

| am aware of the Science and Engineering Practice of
Developing and Using Models.

NGSS Statements

| can help my students recognize that engaging in the
Practices of Science and Engineering allows them to
understand how scientific knowledge develops.

| can engage my students in the Science and
Engineering Practice of Developing and Using Models
(defined).

| can engage my students in the Science and
Engineering Practice of Constructing Explanations
(defined).

Ideas that support the SEP

Level of Awareness or Confidence
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Figure 2. Teacher awareness and confidence in teaching Science and Engineering

Practices prior to treatment (n=17).

Table 2

Teacher Awareness and Confidence in Teaching Science and Engineering Practices Before and After Treatment

Statements

| am aware of the Science and Engineering
Practice of Constructing Explanations.

Teacher

| am aware of the Science and Engineering
NGSS  [Practice of Developing and Using Models.

Statements || can help my students recognize that
engaging in the Practices of Science and
Engineering allows them to understand
how scientific knowledge develops.

| can engage my students in the Science
and Engineering Practice of Developing and
Using Models.

Ideas that

support the

Sep | can engage my students in the Science

and Engineering Practice of Constructing
Explanations.

Note.
White boxes indicate "no change" in

awareness or confidence
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Crosscutting Concepts

The third construct was the Crosscutting Concept (CCC) of Structure and
Function. In the survey, there were three statements regarding the CCC. Two of the
statements referred to language that is unique to the NGSS. Four of the statements
referred to facts that supported the CCC.

In the survey, teachers reported how they perceived their awareness and
confidence in teaching each of the CCC statements before the treatment. These
responses were graphed to show the teachers’ level of awareness and confidence to
each statement before the treatment (Figure 3). | found that a majority of the teachers
reported a high confidence in teaching facts that supported the CCC but a low
awareness of the language of NGSS.

In the survey, teachers also reported their awareness and confidence to each of
the statements after the treatment. The responses of each teacher to each statement
both before the treatment and after the treatment are compared in Table 3 and show
how the teachers perceived their awareness or confidence to each statement before the
field trip and how they perceived their awareness or confidence was affected after the
treatment. Teachers either reported that their awareness or confidence in teaching a
statement increased after treatment (gray boxes) or reported “no change” in their
awareness or confidence in teaching a statement (white boxes). | found that only a few

teachers reported increases in awareness and confidence per statement after the
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treatment while a majority reported “no change” in their awareness or confidence in
teaching a statement.

Teachers who reported “no change” in their awareness or confidence in teaching
a statement retained a high confidence in teaching facts that supported the CCC.
Because of the nature of the five-point scale used on the survey, the data encountered a
ceiling effect: teachers who reported a high confidence (rated their confidence level
with a 4 or 5) were not able to report if their confidence in teaching these science facts
increased after the field trip. Teachers who reported “no change” in their awareness or
confidence in teaching a statement also retained a low awareness of the language used
in the NGSS. Only a few teachers reported increases in awareness and confidence per

statement after the treatment.
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Figure 3. Teacher awareness and confidence in teaching Crosscutting Concepts prior to

Treatment (n=17).
Table 3
Teacher Awareness and Confidence in Teaching Crosscutting Concepts Before and After Treatment

Teacher

Statements
9 10

NGSS |l am aware of the Crosscutting Concept of

Statement [Structure and Function.

| can help my students recognize that they

will see structure and function in different

areas of disciplinary content (Physical
Ideas that |Science, Life Science, Earth and Space

support the (Scence, and Engineering).

CCC [Ican help my students recognize that both
natural and human-built suystems have
structures that are related to specific
functions.

Note, =55 ,
White boxes indicate "no change" in

awareness or confidence
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General NGSS Statements

The fourth construct was the General NGSS Statements. In the survey, there
were five statements regarding general knowledge of the NGSS. Two of the statements
referred to language that is unique to the NGSS. Four of the statements referred to
ideas that were similar to other standards.

In the survey, teachers reported how they perceived their awareness of each of
these general NGSS statements before the treatment. These responses were graphed to
show the teachers’ level of awareness to each statement before the treatment (Figure
4). | found that a majority of the teachers reported a high awareness of ideas that were
similar to other standards and a low awareness of the larger ideas unique to the NGSS —
that the NGSS has three dimensions of learning.

in the survey, teachers also reported their awareness of each statement after
the treatment. The responses of each teacher to each statement both before the
treatment and after the treatment are compared in Table 4 and show how the teachers
perceived their awareness to each statement before the field trip and how they
perceived their awareness was affected after the treatment. Teachers either reported
that their awareness of a statement increased after treatment (gray boxes) or reported
“no change” in their awareness of a statement (white boxes). | found that only a few
teachers reported increases in awareness per statement after the treatment while a

majority reported “no change” in their awareness of a statement.
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Teachers who reported “no change” in their awareness of a statement retained a

high awareness of the ideas of the NGSS that were similar to other standards. Because

of the nature of the five-point scale used on the survey, the data encountered a ceiling

effect: teachers who reported a high confidence (rated their awareness level with a 4 or

5) were not able to report if their confidence in teaching these science facts increased

after the field trip. Teachers who reported “no change” in their awareness of a

statement also retained a low awareness of the language used in the NGSS. Only a few

teachers reported increases in awareness per statement after the treatment.

Level of Awareness or Confidence
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Figure 4. Teacher awareness of general knowledge of NGSS prior to treatment (n=17).
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Table 4

Teacher Awareness of NGSS General Knowledge Before and After Treatment

NGSS
Statements

Statements

| am aware that the Next Generation
Science Standards (NGSS) has three
dimensions of learning.

4-4

4-4

33

4-4

2-2

44

2-2

Teacher

9

2-2

2-2

2-2

2-3

44

5-5

2-2

2-2

5-5

| am aware of what an NGSS Performance
Expectation is.

4-4

4-4

33

2-2

2-2

4-4

33

2-2

33

2-2

2-2

4-4

4.4

2-2

23

55

Ideas similar|
to other
standards

| am aware that NGSS Performance
Expectations are not curriculum.

4-4

33

4-4

4-4

4-4

55

4-4

4-4

55

4-4

2-2

4-4

4-4

5-5

22

55

55

| am aware the NGSS Performance
Expectations are a set of goals that reflect
what students must know and be able to
do by the end of a certain grade level.

4-4

33

4.4

4-4

2-2

55

4-4

4-4

4-4

4-4

2-2

55

4-4

55

2-2

4-4

55

| am aware that there are more
Disciplinary Core Ideas, Crosscutting
Concepts, and Science and Engineering
Practices than what was modeled during
the field trip.

4.4

4.4

4-4

4.4

55

4-4

4-4

4-4

33

2-2

33

4-4

55

2-2

55

4-4

Note.

Gray boxes indicate increase in awareness
or confidence

White boxes indicate "no change" in
awareness or confidence
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For each teacher, the number of statements that he or she reported an increase

in awareness to was summed (Figure 5). The data from the graph revealed that 10 of the

17 teachers reported an increase in awareness of the NGSS in at least one statement.

This finding also reveals an indication that the program has the potential to help

teachers increase their awareness of

the NGSS.
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Figure 5. Total number of statements each teacher reported an increase in awareness or

confidence after treatment.
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Survey Part 2

The purpose of this portion of the survey was to learn what part of the field trip
helped teachers to understand the Disciplinary Core Idea of Structure and Function and
during which activities the teachers saw the Science and Engineering Practices carried

out. The questions were either in multiple Choice or short answer form and were coded
to allow comparisons.

NGSS pre-field trip materials

Teachers reported in engaging more than one pre-field trip material (Figure 6). Most

teachers engaged in the same number of materials before the field trip.

Total number of teachers

Introductory Letter | | /
video |l 1
Field Trip Program Outline | NNIEHEEEEEEEEEEEEEEEE
Pre-Field Trip Activity | N 3

NGSS Pre-field trip
Materials

Figure 6. Total number of teachers that reported engaging in each NGSS pre-field trip
material (n=17).

NGSS Field Trip Activities

The survey asked teachers to report which activities they saw throughout the
field trip. The number of activities each teacher saw was summed (Figure 7). The results
of the graph revealed that teachers did not engage in the same number of activities.

Table 5 shows which activity each teacher saw during the field trip.
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Classroom
Activity

Overall

Assessment

Trail Activities

Beaver Activity

Woodpecker Holes Activity

Mole Holes Activity

Animal Color (finding squirrel pictures)

Plant Protection (thorns on stinging
nettle)

Animal Communication (matching
stuffed animals and their sound)

Seed Activity (hazelnut)

Create-a-Creature Activity

Total Number of Teachers

[
; I
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o

o

o

w I
Iy

[
w

Figure 7. Total number of teachers that reported seeing each NGSS activity on the field

trip (n=17).
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Table 5

Activities each teacher reported seeing on the field trip

NGSS Field Trip Activities Teacher

1 2 3 4 5 ] 7 8 9 10 11 122 13 ¥ 15 1 1
Beaver Activity 1 1 1 1 1 1 1 1 1 1 1 1 1
Woodpecker Holes Activity 1 1 1 1 1 1 1 1 1 1
Mole Holes Activity 111 1 1 1 1 1 1 1
Animal Color (finding squirrel pictures) | 1 1 1 1 1 1 1 1 1
Animal Communication (matching
stuffed animals and their sound) 1 1 1 1
Seed Activity (hazelnut) 1 1 1
Plant Protection (thorns on stinging
nettle) 1 1 1 1 1 1 1 1 1
Create-a-Creature Activity 1 1 1 1 1 1

Disciplinary Core Idea of Structure and Function

Teachers reported which part of the field trip helped them understand the Disciplinary

Core ldea of Structure and Function (Figure 8). Each teacher reported one aspect of the

field trip.
Total number of teachers
a Classroom Activities HNNIEININGNGEGEGEGGGGEGEE.
=
% Nature Guides HNIIIIIIIININININENENENEGEGENGNGNGNGNGNGNGNGNNN
% None NN 2
o
é Teachers not aware of DCI NN 2
< Did not give directanswer NN S

Figure 8. Number of teachers that reported which part of the field trip helped them to

understand the Disciplinary Core Idea: Structure and Function (n=17).

Science and Engineering Practice: Constructing Explanations

Teachers reported that they saw the Science and Engineering Practice of Constructing

Explanations in more than one activity (Figure 9).
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Figure 9. Number of teachers that reported which activities they saw the science and
engineering practice of constructing explanations (n=17).

Science and Engineering Practice: Developing and Using Models
Teachers reported that they saw the Science and Engineering Practice of Developing and

Using Models in more than one activity (Figure 10).
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Figure 10. Number of teachers that reported which activities they saw the Science and
Engineering Practice: Developing and Using Models (n=17).

Interviews

The purpose of the interviews was to gain an in-depth understanding of the
teacher’s answers to the survey questions. A total of 4 teachers were interviewed. The
full transcript of the interviews can be found in Appendix C.
Interview Question 1: What materials did you receive in advance? Did you receive and
engage in any material regarding the Next Generation Science Standards before the

field trip?
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Among the interviewees, two teachers reported that they engaged in the pre-
field trip material regarding the NGSS while two teachers reported that they did not
engage in the materials. Teacher 13 and 17 reported that they engaged in the materials
and found them beneficial. One of them said, “We did that ‘is it made of parts’ probe
assessment...| felt like my kids did really really well understanding...that these different
animals and human were made of parts...except when it came to the snake and the seed
and the worm - that was bit trickier. But | really enjoyed doing that assessment because
| felt like it was a good set up to then go on the field trip, you know. So | really enjoyed
that...” The other teacher said, “l did [notice information about the NGSS in particular]. |
did like the structure of having...the information ahead of time of what you guys were
going to be talking about and being able to do some basic conversation about it and
then see it and then we got into deeper conversation when we...got back to school.”

Teacher 6 and 7 reported that they did not engage in the materials and gave
insight as to why they did not engage in any of the NGSS pre-field trip materials. Both
teachers cited that they received a lot of information and emails before attending the
field trip and admitted that they did not read all of it. One teacher said, “Before we
went, a couple of weeks before, | received information about what the field trip would
be about. And it had learning activities that | could do with my classroom. And it was
actually just a ton of information that | received. And, I'll be honest, | only went through
part of it...” The other teacher said, “...my problem this year was that | didn't have a lot

of time to read through things. My attitude was that | just had to get the kids ready...so |
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think | might have gotten more emails that | didn't read. But anything that was
pertaining to what [the field trip coordinator] needed me to do | did. | don’t recall
[receiving anything regarding the NGSS]...maybe there was but | don’t remember
anything.” From both responses, it seemed that teachers may have been overwhelmed
with the materials they received before the field trip and prioritized some emails over
others. As a result, they were not aware of the NGSS being implemented into the field
trip.

From the survey data, | found that all four interviewees reported that they engaged in
the pre-field trip materials. However, during the interviews, | found that two of the
teachers’ responses differed from what they reported on the survey as they reported
that they did not engage in the pre-materials. The survey asked teachers to report which
pre-field trip materials they engaged in (l.e. “introductory letter”, “field trip program
outline”). However, the survey did not specifically ask if teachers read or engaged in
NGSS-related materials. Consequently, teachers may have reported on the survey that
they had read the introductory letter, for example, but may have been referring to an
introductory letter sent at the very beginning of their scheduling process and not the
NGSS-related introductory letter that was sent one week before their scheduled field
trip. As a result, the data from that portion of the survey is not reliable and it cannot be
inferred what helped teachers to increase their awareness of the NGSS from this portion
of the survey. Fortunately, the interviews provided valuable insight as to what pre-field

trip materials teachers engaged in and helped them to increase their awareness and
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confidence in teaching the NGSS dimensions and were a more reliable source.

The key lesson learned from this question was that not all teachers engaged in the
NGSS pre-field trip materials even if they had reported that they did on the survey. |
learned that the reason teachers did not engage in the materials was because they
simply overlooked the email sent to them or did not have enough time to read all the
emails that were sent to them before the field trip. For teachers that engaged in the
NGSS pre-field trip materials, | learned that the teachers found the NGSS pre-activity
and the Field Trip Program Outline useful in preparing their students for the field trip.
Interview Question 2: Can you tell me where you saw or heard the Disciplinary Core
Idea of Structure and Function at any point during the field trip?

The most common response among the interviewees was that they saw the DCI
of Structure and Function during the Beaver Activity. Three of the four teachers gave
this response. Teacher 6 said, “We talked about, um, like a beaver's tail, and a beaver's
claws, and its teeth...l think they were moles that were making all those holes. But we
talked about, you know, how their claws worked and helped them in the hole and, you
know, how fast they could dig the dirt, you know, and all that type of things.” Teacher 7
said, “I think in the classroom it was going on because the Tyron Creek volunteer was
talking to the kids about the beaver. And she was talking to them explicitly about the
body parts of the beaver and how the body parts have adapted in a way for the beaver
to survive. So there was a lot of conversation about the beaver's tail and how it flaps.

And how it flaps, it's telling its children that there's danger.” Teacher 13 said, “We talked
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about it in the beaver activity. In the beaver activity, they talked about the different
parts and what it was used for - the claws, the tail, the fur. We talked about the teeth
and what the functions of that were...the beaver activity - that was a big part of it.”

All interviewees also made mention to seeing the DCI of Structure and Function
being seen during various activities conducted on the trail: different beaks on different
birds, what they’re used for and what would this bird eat; the structure of a stinging
nettle and its function; woodpecker’s skull and tongue and how it functions.

Teacher 13 added that it was in the NGSS pre-field trip materials that she saw the
DCI of Structure and Function and said, “I felt like the pre-assessment helped me and
I've been away of it before but never in those terms [...]. so it was nice to have those
terms there and even using those terms with my students | think is important...l felt like
this was a really good background foundation for me to continue next year when we
study animal adaptations and when we study plants just thinking about the form and
the function of the different parts. And that ties right into our adaptation unit. So it's
just nice to add those words into my sort of awareness and to also use those terms in
different ways with my kids with our adaptions unit that we're going to do next year.”

Just like in the survey, among the various activities conducted during the field trip, the
Beaver Activity in the classroom was what most of the teachers mentioned that they
saw the DCI. From the interviews, | learned that the teachers found the classroom
Beaver Activity to be the activity that best supported the DCI of Structure and Function.

Unlike the survey where teachers only mentioned field trip activities, one teacher added
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in the interview that she saw this concept in the pre-field trip materials. This is an
indication that both pre-field trip materials and the field trip activities were useful in
learning about the DCI of Structure and Function.

Interview Question 3: The Science and Engineering Practice of Constructing
Explanations involves using information from observations to construct an evidence -
based account for natural phenomena. Do you recall if there was a point in the field
trip where your students were asked to construct their own explanations based on
evidence they found?

Common to all four interviewees responses was that each cited specific
examples of how the nature guide explicitly asked students to explain a phenomena
using evidence during various points in the field trip. Teacher 6 said, “The seed dispersal
definitely. Because they [the students] were so into that...he [the nature guide] would
ask them questions: "How could this have gotten from point A to point B?" And they
came up with a million ways: ‘A bird could take it, an animal could take it, it could stick
on your fur,” you know, ‘the wind,” things like that.” Teacher 7 said, “Yes. Definitely.
There was a lot of investigative kind of work that went on where they were asked [by
the nature guide], ‘Well what do you think about that? or "What would you do if you
were an animal?" or "Why do you think the plant has done that?" The guy that was our
guide, definitely, | think he was a high school teacher, so he definitely asked them some
guestions... kind of hypothesizing a little bit...” Teacher 13 said, “...when we were doing

the trail, | remember the guide, one of my kids would point out and notice a banana slug
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or notice a cone or notice something - a hole - and she would ask questions, for sure:
‘Why do you think that's that way?’ and ‘What do you think that's for?’ And so | totally
remember she asking lots of questions and having the kids respond, absolutely, |
couldn't tell you the exact questions or details but | do remember that exchange for
sure.” Teacher 13 also added, “I think when they did the create their own animal

they definitely had to explain, for sure. That was really a clear and obvious one.”
Teacher 17 said, “I think during when they built their own animals [Create-a-Creature
Activity]. | think that was the only time. [The nature guide asked] ‘Why did you give it
those wings?’ and ‘What would that do for it?’ and | think those were the only ones
[activities] that they [students] really kind of gave [opportunities for] their explanations.
| mean they gave thoughts on things and asked questions. But | think that was the only
time they were really giving their like [explanations].” From these responses, | learned
that nature guides played an instrumental role in helping teachers to see the SEP of
Constructing Explanations during the field trip. From Teacher 13 and 17, | learned that
the Create-a-Creature Activity is promising to be most effective for allowing the
students to engage in the SEP of Constructing Explanations.

The survey question asked teachers to report which activities they saw the SEP of
Constructing Explanations during the field trip. However, when asked during the
interviews, the teachers talked about the nature guides. The interview allowed for
teachers to provide more in depth responses as to what aspect of the field trip helped

them to understand the SEP of Constructing Explanations than what data from the
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survey could provide.

Interview Question 4: Developing and Using Models in the K-2 level involves creating
physical replica to represent phenomena and distinguishing between a model and the
actual object the model represents. Do you recall if there was a point in the field trip
where your students used a model to represent relationships? Or learned to
distinguish between a model and the actual object the model represents?

Two teachers cited specific examples from activities during the field trip. Teacher 6’s
response reflected her understanding of Developing and Using Models and cited
examples of how tools were used as representations of a certain animal. She also cited
the use of an animal pelt to represent a real animal and it is likely that she didn’t have a
full understanding of what a model is and is not. Teacher 6 said, “...his [nature guide’s]
dead animals [teacher referring to animal pelts] were good models...he would just show
us, you know, how little moles' paws kind of looked like a tiny fork. And then he had a
fork and he dug through the dirt with that. And then the woodpeckers' beak, you know...
he put it into a hole and showed them, you know, how deep it could actually go into a
hole. And what would be inside the hole, things like that. In the classroom, we did the
whole game, both of the games had the models... tools that we used that were not the
true, you know, it wasn't a true claw but it was... | think one was like a spatula
[representing] like a beaver's tail or something like that. And how fast it could go

through water. And what it could do, things like that, yeah.” Teacher 17 mentioned that
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the Overall Assessment: Create-a-Creature activity involved Developing and Using
Models but did not cite anything specific.

Teacher 7 could not cite an example and said, “l don't remember seeing anything
like that. | think we might have had conversion about the beak but | don't think so and
maybe the other guides may have talked about that more. | was only on one group, so
the other guides might have definitely talked about it.” Even if Teacher 7 did not see
Developing and Using Models on the field trip, she stated that its importance and said,
“..that's really a good idea. That should definitely be added....kids need hands - on. They
need to touch things and they need to be able to actually experience that wonder of "oh,
so that's why that bird has such a long beak or " that's why that bird..."

Teacher 13 cited specific examples related to how the nature guide "modeled" or
gave instructions for students in the proper use of tools demonstrating a lack of
understanding of modeling in NGSS terms. She said, “I think the beaver activity was
definitely in line with the modeling because you know the guide was there and she
would show an example of how to use the tongs or the spoon about making noise. She
had that as a model for the kids to think about how they would use these different tools
to communicate or to solve a problem or to build something. And so she used that
modeling for sure. On the trail, | can't remember, | know when they had to build their
own animal she started by doing something just to show. | think she grabbed one or two
things nearby and just used that as an example because that was a pretty intuitive

activity and the kids just got right to it, she didn't need to do much modeling there.”
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On the surveys, teachers marked which activities they thought exhibited the SEP of
Developing and Using Models. However, their responses from their interview showed
that they might not have had an accurate understanding of Developing and Using
Models in the NGSS. There wasn’t a single strong activity for developing and using
models that teachers referenced for this particular SEP. Perhaps they may not have seen
the activities on the trail or
teachers did not fully understand the definition of modeling in the NGSS sense.
Interview Question 5: Structure and Function is a concept found in all areas of science
in both natural and human-built systems. Can you tell me where you saw or heard or
saw this idea at any point during the field trip?

None of the four teachers could cite an example of the CCC of Structure and Function.
Teacher 6 said, “Um, | don't - remember | didn't read them all [referring to the NGSS
pre-field trip materials]. It was probably in there. Yeah. He did talk about the human
built systems. | can't really think of what it was. I'm trying to think. | know that there
probably were. And we did talk about like our hands and, um, you know, we looked at
our own human hands and [discussed], ‘What are they good for?’ Things like that,
compared to animals’ hands, and you know, ‘Are they webbed? Are they this? Tips of
our fingers super sharp?’ No. You know, things like that. But | can't think of anything. No
| just can't think of anything. I'm sure we discussed some things. He had a lot of
knowledge.” Teacher 7 said, “l don't think so...I think it was probably brought up. | think

it was brought up but | don't think it was brought up in those terms. | think it was
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simplified so that kids would understand it. But it was definitely addressed...it's almost
like | need to understand that a little bit more myself.” Teacher 17 said, “We didn't
really touch on that. I'm trying to think. I'm trying to recall, and | mean, | think a little of
that applies in the classroom. | mean talking about the differences in our hands so |
think when | think of the CCC, | think the most we saw of that was in the classroom
when we were doing those. | felt like all of the guides in there were kind of using that,
‘how is that different from how you are and how is that...” | felt that there was more of
that there.”

Teacher 13, attempted a guess and said, “Well | felt like the engineering part was
when we created our own animal on the trail part because that's when they
were designing and building their own animals and | had quite a few kids building 2 or 3
different animals or had a team of kids building one big animal and then talking about
the different parts. | felt that that was engineering, wouldn't you say that's correct?”

The teachers’ inability to respond was expected. The only time the CCC was

mentioned was in the NGSS pre-field trip materials. It was not explicitly mentioned
during the field trip. From the interview, it is apparent that more work needs to be done
to address the CCC during the field trip. On another hand, this data also reveals that
addressing the CCC during a two-hour field trip is a challenge, and a two-hour field trip

might not be enough time to address the CCC.
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Discussion

Given that there are very few face to face opportunities for teachers to receive
professional development training regarding the NGSS, there is a great need for
teachers to be trained to effectively teach the three areas of the NGSS (J. Rumage,
personal communication, September 26, 2016). Two goals of the NGSS are to connect
science to the real world and to focus on deeper understanding of NGSS content and
science practices (NRC, 2012). Previous studies have shown that teachers are in need of
professional development opportunities that focus on conceptual understanding of
science topics and are aligned with state standards (Chval et al., 2007). Non-formal
education programs have played a role in teacher professional development (Melber
and Cox — Peterson, 2005; Holliday et al., 2014; Sackes et al., 2011; Anderson et al.,
2006).

Time and location are the largest constraining factors that affect teacher
participation in professional development trainings. To address this constraint, Tryon
Creek State Park offered a NGSS professional development training opportunity for
teachers that was integrated within a field trip that they took their students on. Before
the field trip, teachers were introduced to the NGSS through a set of NGSS pre-field trip
materials, which informed them about the NGSS and how aspects of it would be
integrated into their students’ field trip. Teachers accompanied their students on a two-
hour long field trip at Tryon Creek State Park where teachers observed nature guides

model NGSS-aligned activities for the students.
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My study aimed to answer: In what ways can an informal science education
program affect K-2 teachers’ awareness of the Next Generation Science Standards? The
following section outlines the study’s major findings: 1) a small number of teachers
reported an increase in awareness of the Disciplinary Core Idea, Crosscutting Concept,
Science and Engineering Practices, and General Knowledge of the Next Generation
Science Standards after the field trip, 2) a majority of the teachers reported no change
in awareness of the Disciplinary Core Idea, Crosscutting Concept, Science and
Engineering Practices, and General Knowledge of the Next Generation Science
Standards statements after the field trip.

Prior to treatment

Teachers reported their level of awareness and confidence in teaching NGSS
dimensions prior to treatment. A majority of the teachers reported that they had a high
understanding of the ideas that supported the NGSS. The science facts addressed during
the field trip were not necessarily complex to grasp (i.e. All animals are made of parts,
animals use their different body parts to survive, reproduce, and grow). A majority of
the teachers also reported that they had a low awareness of the terms/language of the
NGSS. The language of the NGSS is new and challenging.

After treatment
Teachers who Reported “No Change” in Awareness and Confidence
A majority of the teachers reported “no change” in confidence in teaching NGSS

Dimensions after the treatment. In each of the four constructs — DCI, SEP, CCC, and
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General NGSS Knowledge Statements — a trend was found where a majority of the
teachers retained a high confidence in teaching the science facts that support each
dimension of the NGSS. Because of the nature of the five-point scale used on the survey,
the data encountered a ceiling effect: teachers who reported a high confidence (rated
their confidence level with a 4 or 5) were not able to report if their confidence in
teaching these science facts increased after the field trip.

A majority of the teachers reported “no change” in awareness of the NGSS
dimensions after the treatment. In each of the four constructs — DCI, SEP, CCC, and
General NGSS Knowledge Statements — a trend was found where a majority of the
teachers retained a low awareness of terms/language used in the NGSS (Table 1, 2, 3, 4).
The language of the NGSS is challenging (i.e. Disciplinary Core Idea of Structure and
Function, Science and Engineering Practice of Developing and Using Models) and may be
one of the challenges that teachers will face when implementing the NGSS. This finding
leaves room for the Field Trip Program to work on to increase understanding the NGSS.
Teachers who Reported an Increase in Awareness and Confidence

A few teachers reported an increase in awareness and confidence in teaching
NGSS Dimensions after the treatment. In each of the four constructs - DCI, SEP, CCC, and
General NGSS Knowledge — a trend was found where a few teachers reported increases
in awareness and confidence in teaching NGSS dimensions (Table 1, 2, 3, 4). There were
two aspects of the treatment that helped these teachers to report an increase in

awareness of the NGSS: NGSS Pre-Field Trip Materials and the NGSS Field Trip Activities.
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NGSS Pre-Field Trip Materials

In the survey data, | found that teachers reported that they engaged in almost
exactly the same number of pre-field trip materials (Figure 6). However, during the
interviews, | found that some teachers’ responses differed from what they reported on
the survey. When asked if they engaged in the NGSS pre-field trip materials, two of the
teachers explained that they did not receive or engage in any of them or were not
aware of these materials before the field trip even if they had reported that they did on
the survey; two of the teachers explained that they did engage in the NGSS pre-field trip
material before attending the field trip.

The survey asked teachers to report which pre-field trip materials they engaged in
(I.e. “introductory letter”, field trip program outline”). However, the survey did not
specifically ask if teachers read or engaged in NGSS-related materials. Consequently,
teachers may have reported on the survey that had read the introductory letter, for
example, but may have been referring to an introductory letter sent at the very
beginning of their scheduling process and not the NGSS-related introductory letter that
was sent one week before their scheduled field trip. As a result, the data from that
portion of the survey is not reliable and it cannot be inferred what helped teachers to
increase their awareness of the NGSS from this portion of the survey. Fortunately, the
interviews provided valuable insight as to what pre-field trip materials teachers engaged
in and helped them to increase their awareness and confidence in teaching the NGSS

dimensions.
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Teacher 6 and 7 did not engage in the NGSS Pre-field trip material; teacher 13 and
17 engaged in the NGSS Pre-field trip material. For each of the four teachers
interviewed, | looked at how many statements each of them reported an increase in
awareness and confidence in teaching NGSS dimensions (Figure 5). A correlation existed
between the teachers who engaged in NGSS pre-field trip materials and the number of
statements that each teacher improved on: teachers who engaged in the NGSS pre-field
trip material showed an increase in awareness of the NGSS statements while teachers
who did not engage in the NGSS pre-field trip materials did not show an increase in
awareness of the NGSS after the field trip. From the data obtained from the interviews,
there is evidence to show that teachers who engaged in materials before the field trip
showed increase in awareness or confidence in teaching the statements while teachers
who did not engage in materials before the field trip did not show any increase in
awareness or confidence.

The findings are weak, but promising. The number of teachers that reported
engaging in the NGSS pre-field trip material is not large enough to make a statistically
significant claim that the pre-field trip materials contributed to increasing teachers’
awareness and confidence in teaching NGSS dimensions. Although only four teachers
showed a correlation between engaging in pre-field trip material and increases in
awareness to the DCI, SEP, and CCC, and General NGSS statements, these findings

suggest that reading the materials beforehand may be the single most important factor
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in helping a teacher increase their awareness and confidence in teaching the NGSS
dimensions.
NGSS Field Trip Activities

| also wanted to see if there was any evidence to show if any NGSS field trip
activities helped teachers to increase their awareness and confidence in teaching NGSS
dimensions. In looking at all 17 teachers, there was no correlation between the number
of NGSS field trip activities each teacher saw and the number of increases in awareness
or confidence each teacher reported (Table 5). | zoomed in and looked at teachers who
showed the most significant amount of changes compared to the other teachers.
Teacher 13, 14, and 15 reported an increase in awareness and confidence in five or
more NGSS statements after the field trip (Figure 5). | looked at the activities that each
of these three teachers reported seeing during the field trip and found that those
teachers saw the same three activities on the field trip: Beaver classroom activity, the
Animal Color Activity, and the Create-a-Creature Activity (Table 5).

A correlation existed between certain NGSS field trip activities these three
teachers saw and the number of statements each teacher reported an increase in
awareness: the teachers who saw Beaver classroom activity, the Animal Color Activity,
and the Create-a-Creature Activity reported an increase in awareness and confidence in
seven or more NGSS statements after the field trip. Teacher 4 also reported seeing all
three activities, but she reported that she already had a high understanding of the NGSS

concepts before the field trip and because of the nature of the five-point scale survey,
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was not able to report if her awareness and confidence increased after the field trip.
The rest of the 13 teachers did not see all three activities and reported four or less
increases in awareness or confidence. There is evidence to show that teachers who
engaged in these three activities showed increases in awareness to seven or more
statements while teachers who did not engage in these three activities on the field trip
showed four or less increases in awareness.

The findings are weak, but promising. The number of teachers that engaged in
these three activities is not large enough to make a claim that these activities
contributed to increasing teachers’ awareness and confidence in teaching the NGSS
dimensions. However, these three activities— the beaver activity in the classroom, the
animal color activity, and the create-a-creature activity—may be the most effective
parts of the field trip in helping teachers increase their awareness and confidence in
teaching the NGSS dimensions.

Limitations
NGSS Pre-Field Trip Materials

The survey asked teachers to report which materials they read or engaged in before
attending the field trip: i.e. “introductory letter, field trip program outline.” However,
the survey did not specifically ask if teachers read or engaged in NGSS-related materials.
This could have caused some confusion when teachers reported whether or not they
read or engaged in the materials before the field trip. For example, teachers may have

reported that they read or engaged in the initial introductory letter at the beginning
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when they signed up for the field trip months in advance and not the NGSS-related
introductory letter that was sent one week before their scheduled field trip. As a result,
the data from that portion of the survey is not reliable and it cannot be inferred what
helped teachers to increase their awareness of the NGSS from this portion of the survey.

The interviews provided more insight into what helped teachers increase their
awareness of the NGSS. From the interviews, it was found that some teachers did not
engage in the NGSS pre-field trip material. It is possible that the majority of teachers
who reported no change in awareness to the NGSS statements did not engage in the
NGSS pre-field trip materials. Teachers may not have read the pre-materials due to
several reasons: 1) The timing of the materials being sent. Teachers were only sent the
NGSS materials one week before their scheduled field trip. One week may not be much
time to read the materials given the busy schedule of the teacher. 2) The amount of
materials sent to teachers before the field trip. Before being sent the NGSS materials,
teachers were already receiving a ton of other information from the field trip
coordinator regarding logistics, etc. Adding the NGSS materials may have been too
overwhelming for teachers and could have been easily overlooked. 3) Teachers not
being aware of the professional development opportunity when they signed up for the
field trip. When teachers initially signed up to attend the field trip program, they did not
sign up to learn about the NGSS. It was only one week before their field trip that they
were informed of the implementation of the NGSS to their field trip. As a result,

teachers may not have been aware there was a professional development opportunity
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involved regarding the NGSS. Although the interviews provided more insight into
teachers who engaged in the pre-materials, only four interviews were conducted and
that is not large enough to tell us that the pre-materials were indeed an effective means.
4) Distribution of pre-field trip materials. For each class that scheduled a field trip, there
could have been as many as six sections in the grade that attended with six different
teachers. When scheduling the field trip, one teacher was decided to be “point person”
to receive all emails from the field trip coordinator and send all emails to the rest of the
teachers. It is possible that “point person” teachers did not forward the NGSS emails to
the rest of the teachers resulting in teachers not receiving the NGSS materials or
responding to the survey.
NGSS Field Trip Activities

From the data, there was evidence that teachers did not see the same NGSS
activities during the field trip. Teachers may not have seen the same activities due to the
nature guide each teacher had that day. The nature guides varied in experience day to
day. Nature guides may not have done all the same activities. Most of the NGSS aligned
activities were new additions to the field trip program and nature guides may not have
had sufficient training to be comfortable teaching according to the NGSS practices. As a
result, teachers may not have seen the NGSS activities during the field trip.
Recommendations

From the results we see that the majority of teachers had a high confidence in

teaching the science facts that support the NGSS dimensions but had a low awareness of
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the language used in the NGSS. We also see that, with a few exceptions, teachers
retained this response after the field trip. From this data, it can be inferred that
awareness of the language of the NGSS is what teachers most need to improve on. To
best focus the professional development opportunity on what teachers actually need, |
recommend intentionality of NGSS pre-field trip materials and intentionality of training
of nature guides regarding the NGSS.
Intentionality of NGSS Pre-Field Trip Materials

From the very beginning when scheduling a field trip experience with Tryon
Creek State Park, the professional development component should be made explicit to
teachers. Teachers should be informed that in addition to providing an educational field
trip experience for their students, the field trip could serve as a form of professional
development for them to learn about the NGSS. Teachers should also be sent these
NGSS pre-materials as early as when they sign up for the field trip so that they can make
time to look over the material before attending the field trip. The survey should ask if
teachers noticed NGSS materials in particular: NGSS introductory letter, field trip
program outline with NGSS components.”
Intentionality of Training of Nature Guides regarding the NGSS

From the results, we see that the majority of teachers did not see the same
activities during the field trip. It is possible that nature guides did not conduct the NGSS
aligned activities. Because most of the NGSS aligned activities were recent additions to

Tryon Creek’s field trip program, nature guides may not have had sufficient training to
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be comfortable in teaching according to the NGSS practices. Nature guides need to be
further trained regarding the NGSS in order to be prepared to conduct the NGSS aligned
activities. Findings showed that if nature guides conducted activities such as the Beaver
Activity, Animal Color Activity (finding squirrel cutouts), and Create-a-Creature Activity,
teachers increase their awareness and confidence in teaching the NGSS dimensions.
Conclusion

My study aimed to answer: In what ways can an informal science education program
affect K-2 teachers’ awareness and confidence in teaching the Next Generation Science
Standards? Findings of this study suggest that engaging in the NGSS pre-field trip
materials before attending the field trip may contribute to an increase in awareness and
confidence in teaching the NGSS. Findings also suggest that observing certain NGSS
activities during the field trip may contribute to an increase in awareness and
confidence in teaching the NGSS. The findings of the study are weak, but promising. The
number of teachers that reported increases in awareness is not large enough to make a
claim on the effectiveness of the program. Although only a few teachers reported
increases in awareness to the DCI, SEP, and CCC, and General NGSS statements, these
findings reveal an indication that the field trip program has potential to support teacher
professional development regarding the NGSS and to help teachers increase their

awareness and confidence in teaching the NGSS dimensions.
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Appendix A: NGSS pre-field trip materials

~ Adaptable Animals ~

Season
Any

Time
2 hours

Grades
K-2

Essential Question
How do the structures of
organisms enable life’s
functions?

Disciplinary Core Idea
LS1.A: Structure and Function
All organisms have external
parts. Different animals use
their body parts in different
ways to see, hear, grasp
objects, protect themselves,
move from place to place, and
seek, find, and take in food,
water, and air. Plants also have
different parts (roots, stems,
leaves, flowers, & fruits) that
help them survive, grow, and
produce more plants.

Crosscutting Concept
Structure and Function

K-2 The shape and stability of
structures of natural and
designed objects are related to
their function(s).

Science and

Engineering Practices
Developing and Using Models
K-2

Distinguish between a model
and the actual object the model
represents. Use a model to
represent amounts,
relationships, relative scale
(bigger, smaller) and/or
patterns in the natural world.
Constructing Explanations K-2

Teacher Notes

The Next Generation Science Standards (NGSS) is the
most recently developed set of standards that will
guide K - 12 schools in the United States in the areas
of science.

The NGSS is based upon a Framework for K - 12
Science Education, which is built on three dimensions:
Disciplinary Core ldeas, Crosscutting Concepts, and
Science and Engineering Practices. An Essential
Question guides each Disciplinary Core Idea.

As shown on the left hand column, the Adaptable
Animals program will focus on teaching the
Disciplinary Core Idea and Crosscutting Concept of
Structure and Function; and the Science and
Engineering Practices of Developing and Using
Models and Constructing Explanations.

Included are a list of activities your students will
engage in that aim to integrate the three dimensions
of the NGSS.

All materials will be provided during your field trip

Materials

O

O O O OO O O O O

Various pelts (mole)

White squirrel cutouts

Various skulls (woodpecker)
Beaver Investigation Kits
Screwdrivers

Spoons

Stuffed animals: squirrel, owl, bird
Bags of 10 hazelnuts (1 per student)
Picture of germinating hazelnut
Maple seeds




Use information from
observations (firsthand and
from media) to construct an
evidence - based account for
natural phenomena.

Learning Progression
K-2 All organisms have external
parts that they use to perform
daily functions.

Overall Assessment
When | am given an
opportunity to explore how an
animal’s structures enable it to
grow and to survive, | will be
able to create an imaginary
animal and explain its
structure/function
relationships.

Tryon Classroom Activity — 20 minutes

Beaver Activity

Guiding Question
How do an animal’s structures help it to survive
in its environment?

Activity Procedure
1. Students divide into groups with Nature
Guides, each around a carpet in the
classroom.

2. Students work together to solve different
problems using an array of man-made
objects:

a. Carry and stack small logs
i. Spoons
ii. Cloth gloves with no thumbs
iii. Work gloves
b. Strip wood off a stick
i. Nail file
ii. Fork
iii. Flathead screwdriver
c. Make a loud noise to warn others of

Content Goal
Animals have external parts that help them
survive (find and eat food, protect themselves
from predators, and change their environment)
in their specific habitats.

Science and Engineering Practices
Developing and using models

o Distinguish between a model and the
actual object the model represents.
o Useamodel to represent amounts,

relationships, relative scale (bigger,
smaller) and/or patterns in the natural
world.
Constructing explanations
Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena.

O




i. Cloth
ii. Flyswatter
ii. Sticks

3. Students then make observations of
taxidermied examples of beavers to identify
the structure that best corresponds with the
object they chose in step 2.

a. Students are asked to support their
arguments with evidence, if
necessary

b. Guide concludes by explaining the
true function of each structure (if
necessary).

Materials
Beaver kit

Trail Activities (not in any order) - 1 hour, 20 minutes

Woodpecker/Mole Activity

Guiding Question
What body part does an animal use to make
holes?

Activity Procedure
1. Students make observations about the holes
on trees and the holes in the ground, paying
attention to the differences in size, shape,
and location of the holes.

. Students are guided to a dead log and open
ground space or preferably a mole mound

. Students are given the following tools: spoon
and screwdriver.

. Students are asked to re-create the holes
they observed on both the log and the
ground trying both the spoon and
screwdriver on each surface.

a. Which tool allows an animal to make
holes on a tree?

b. Which tool allows an animal to make
holes in the ground?

. Students are shown mole pelt and the picture
of a woodpecker beak.

a. Which body part does an animal use
to make holes on a tree? Why do you
think that?

b. Which body part does an animal use

Content Goal
Animals use different parts of their body to
make holes.
| Science and Engineering Practices
Developing and using models

o Distinguish between a model and the
actual object the model represents.
o Useamodel to represent amounts,

relationships, relative scale (bigger,
smaller) and/or patterns in the natural
world.
Constructing explanations
Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena.

o




to make holes in the ground? Why do
you think that?

6. Answer: Woodpeckers use their beak to
make holes on a tree because it is almost
shaped like a screwdriver and functions to dig
a hole in hard wood.

7. Moles use their limbs to make holes in the
ground because their limbs are almost shaped
like spoons which function to scoop dirt.

Materials

Screwdrivers, spoons, picture of woodpecker

beak and mole pelt

Animal Color

Guiding Question Content Goal
Does an animal’s color affect its ability to Animals have colors that help them survive.
survive? Camouflage helps them either hide from

predators or sneak up on prey.

Activity Procedure Science and Engineering Practices
1. Students are given a limited time to collect Developing and using models
hidden animal cutouts of various colors. o Distinguish between a model and the
a. Which colors were easiest to find? actual object the model represents.
Hardest? o Useamodel to represent amounts,
b. How do colors and patterns benefit relationships, relative scale (bigger,
animals? smaller) and/or patterns in the natural
c. Why is it helpful to be hard to see as a world.
prey animal? As a predator? Constructing explanations
d. What other ways to animals protect o Make observations (firsthand or from
themselves from predators or work to media) to construct an evidence-
find prey? based account for natural
phenomena.
Materials

White squirrel cutouts (10)

Animal Communication

Guiding Question Content Goal
What body parts do animals use to hear? How Animals use their body parts to hear which
do they use that sound? allows them to gather information about their

surroundings to support survival.

Activity Procedure Science and Engineering Practices
1. Students are split into pairs. Developing and using models
2. Each pairis given a different stuffed animal o Distinguish between a model and the
that produces a sound: squirrel, owl, bird, or actual object the model represents.



insect clicker.

Use a model to represent amounts,

What structures do seeds have to help them
survive?

Activity Procedure
1. Students are given 10 hazel nuts and asked to
pretend they are squirrels. They can pretend
to eat the nuts or hide them. “Eaten” nuts
are given back to the Nature Guide. They can
actually go into the forest and hide the nuts
they do not “eat”.

. Later during the hike, return to the location
where the nuts were hidden. Ask the
students to go find the nuts they hid. Count
how many nuts were not found.

a. What do you think will happen to the
nuts you did not find?

. Look carefully at the nuts:

a. What part of the nut helps to protect
the baby tree?

b. Why do you think it helps the tree to
have squirrels move the nuts around?

. Give students maple “helicopter” seeds to
throw in the air.

a. How are these seeds moving around

3. Each pair is asked to remember which animal relationships, relative scale (bigger,
sound they have. (Might also want to give smaller) and/or patterns in the natural
them an animal “necklace” to help them world.
remember) Constructing explanations

4. In each pair, one student’s job will be to hold o Make observations (firsthand or from
the stuffed animal and hide. The other media) to construct an evidence-
student’s job will be to close their eyes. based account for natural

5. When the nature guide says “Start!” the phenomena.
student hiding will play the sound while the
other student will seek their partner based on
their animal sound.

6. Students will be asked:

a. What body part did you use to find
your animal?
b. How does your animal hear?
¢. How do you think your animal uses
sound to help it survive?
Materials
Stuffed animals: squirrel, owl, bird
Seed Movement
Guiding Question Content Goal

Plants have structures that help them survive.
Seeds specifically have structures that assist with
dispersal.

Science and Engineering Practices
Constructing explanations
o Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena.




compared to the hazel nuts?

b. Can you thing of other ways you have
seen seeds move?

¢. What did those structures look like?

Materials

Bags of 10 hazelnuts (1 per students), picture of
germinating hazelnut, maple seeds

Plant Protection

Guiding Question
What parts do plants use to protect
themselves? How does this help them survive?

Activity Procedure
1. Students are led to a group of plants that
have an obvious defense mechanism.
a. Which part of the plant would you not
want to touch? Why?

Content Goal
Plants have parts for protection

Science and Engineering Practices
Constructing explanations
o Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena.

b. Do you think this is useful for a plant?

Why?
‘Materials |
Overall Assessment
Create-A-Creature Activity
Guiding Question Content Goal - Overall Assessment

If there was a new animal living in Tryon Creek,
what does it need to look like to survive?

When given an opportunity to explore how
an animal’s structures enable it to grow and
to survive, students will be able to create an
imaginary animal and explain its
structure/function relationships.
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Activity Procedure Science and Engineering Practices
1. Break students into groups of 2 or 3. Developing and using models
2. Introduction: Tell students that they are o Distinguish between a model and the
going to create a brand-new creature using actual object the model represents.
materials they find along the trail. o Compare models to identify common
a. How will your creature find food? features and differences.
b. How will your creature eat food? o Develop and/or use a model to represent
c. Protect itself from predators? amounts, relationships, relative scale
3. Give students 10 minutes to create the (bigger, smaller) and/or patterns in the
creature. natural world.
4. Gallery Walk: Gather students together and Constructing explanations
move as a group to each of the creatures. o  Make observations (firsthand or from
Have the students explain how their media) to construct an evidence-based
creature’s structures support the functions of account for natural phenomena
finding food, eating food, and protecting
itself.
5. Use the checklist to assess how well they
were able to apply the concept of structure
and function to their creature.
Materials

Wrap-Up - Shelter - 10 minutes

< What are some structures or body parts that help organisms survive or meet their needs
here at Tryon?

< What structures or body parts do you have that help you survive or meet your needs?

e Species have different characteristics that help them meet their needs in their
environments.

e  Structures or body parts allow organisms to meet their needs and help organisms to survive.

e  Without structures or body parts, you or other organisms wouldn’t be able to live

successfully.
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Promoting learning through assessment

Is It Made of Parts?: Scaffolding a

Formative Assessment Probe

By Page Keeley

1l living things, from a tiny,
single-celled bacterium to
an enormous blue whale, are

made of parts. These parts have spe-
cific functions that help organisms
carry out their life processes. Parts
are made up of even smaller parts—
all organisms are made up of cells,
which contain smaller parts within
the cell, which are made up of mol-
ecules. Some parts are combined into
systems that are specialized to carry
out a particular function. For exam-
ple, cells in multicellular organisms
combine to form tissues that make up
organs that carry out a specific func-
tion. Parts and wholes and their func-
tions is a recurring concept in life sci-
ence that begins with young children
learning about external parts of fa-
miliar organisms and builds through
successive grade levels culminating
in understanding the parts of cells
that carry out chemical reactions or
contain genetic information, and the
biomolecules involved.

One of the disciplinary core ideas
in A Framework for K-12 Science Ed-
ucation is LS1.A Structure and Func-
tion (NRC 2012). This disciplinary
core idea is included in the Next Gen-
eration Science Standards (NGSS),
which state that grade 1 students are

expected to use the
QE ) idea that “all organ-
isms have external
parts. Different ani-
mals use their body
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parts in different ways to see, hear,
grasp objects, protect themselves,
move from place to place, and seek,
find, and take in food, water, and air.
Plants also have different parts (roots,
stems, leaves, flowers, fruits) that help
them survive and grow” (NGSS Lead
States 2013, p. 12). The formative as-
sessment probe “Is It Made of Parts?”
(Figure 1) is designed to uncover
K-2 children’s initial ideas about the
parts of organisms (Keeley 2013).
The teacher can then use this assess-
ment information to make informed
decisions about scaffolding the in-
structional opportunities children will
need to develop a foundational under-
standing of the relationship between
structure and function.

Using the Probe

To scaffold this “structure and func-
tion” probe for assessment purposes,
begin by identifying the sub-ideas
that this formative assessment probe
can uncover at the K-2 level. These
sub-ideas for formative assessment
include:

1. Recognizing that all organisms
have parts (with a focus on the
external structures, not internal
structures),

2. Describing how animals use
their body parts,

3. Identifying parts of a plant, and

4. Describing basic functions of
plant parts (to survive and grow).

The probe is purposefully de-
signed to uncover these sub-ideas
using the organisms and parts of or-
ganisms in the pictures. Starting with
sub-idea 1, notice that the language
of the probe uses “parts,” not struc-
tures. Later, children will learn that
parts of living things are referred to
as structures, but first it is best to
start with the familiar terminology.
Also notice that the examples are
plants and animals or parts of plants
and animals in order to develop the
generalization that all organisms
have parts. In some of the examples,
the parts are obvious; in others, they
are not obvious.

Begin by having children choose
the things on the list that are made
of parts and describe the “rule” they
used to decide if they are made of
parts. Some of the typical responses
from primary age children include:
if there are arms or legs; if there are
eyes, ears, noses, or mouths; and if
it doesn’t all look the same. Probing
further you might find that students
fail to include the worm as it doesn’t
have the familiar body parts. Or they
may fail to recognize that the snake
has parts if their rule is that it has to
have arms or legs, even though it has
a head, eyes, and so on. Some may
not include the leaf or feather because
it is a part of something else and the
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seed looks the same all around. All
of this information can be used to
design a lesson on external “parts
and wholes” to show how plants and
animals have a variety of different
parts and their parts are also made up
of smaller parts. If students are still
stuck on the earthworm and the seed,
have them observe real earthworms
and seeds, using magnifying devices,
to see different parts. They might see
that a seed has an outer coat or a part
where the seed attached to the plant.
They might notice the segments
on an earthworm, the light-colored
band (clitellum), and sometimes they
may even see the bristles on a large
earthworm or the mouth opening
if they use a magnifying lens. This
might be a time to find a children’s
book about earthworms that shows
the external structure of an earth-
worm. Listen carefully for evidence
of how their initial ideas about parts
of organisms are changing as they
are confronted with their ideas. Add
additional organisms and parts of or-
ganisms to further challenge, refine,
and solidify their thinking. This in-
formation will help you determine
the extent to which students can use
sub-idea 1.

After students recognize that all
of the organisms listed on the probe
have parts, and that some of the ex-
amples are parts of organisms, it is
time to assess sub-idea 2: how they
connect parts (structure) to uses
(function), beginning with animals.
Ask them which things on the list
are animals or parts of animals (note
that some children may not consider
a person, worm, butterfly, or snake
to be an animal if their concept of an
animal is limited to mammals which
indicates the need to develop the
precursor idea of “animal”). Start-

FIGURE 1.

“Is It Made of Parts?” formative assessment probe.

Is It Made of Parts?

Ko
feather person worm
oIS
Y S
horse fish
- =
seed snake butterfly

What are you thinking?

ing with the whole organisms, have
the children point out the different
parts of the animals on the list (per-
son, horse, fish, snake, butterfly,
and worm) and ask them what they
think the animal uses that part for.
Start with a familiar animal like the
person or the horse and then move
to the other animals on the list. They
might not know what the parts of an

earthworm are called or what they
do, but give them an opportunity to
share what they think the parts do for
the worm. Probe further by asking
them which parts of the animals help
the animal see, hear; grasp objects;
protect themselves; move from place
to place; and seek, find, and take in
food, water, and air. As their ideas are
developing, add examples of animals

December 2013 29
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SSCSSIpCth -

to probe further
and  examine
their  thinking
about functoes
of animal parts
Then move o
the feather and ask them if that &
an enimal or a part of an asemal If
stucdents recognize that a feather is a
part of a bird, ask them what the bird
uses ies feathers for. Probe further wo
see of they recognize that a part of an
arimal (a feather) s made of parts
Have a feather svadable for students
to obwerve, For example, students
might natice the many barbs of the
feather that join together to make up
the blade of the feather

Now that you have informaton
about studdents’ ideas related 1o sub
idea 2-the uses (function) of asemal
parts (structures), and have informed
your satruction to develop and so.
lidify these sdeas, you can move oo
to sub-idea 1 Show students an ac.
tual plart oe picture of a plant. Ask
them, “1f animals have parts,

do plants also have para?® "l

Provide them with an
opportunsty to point
out and mame the
plant parts they
can  see. Ask
them which ex-
amples in the
pictures
e parts
of plants
(eaf  and
sead). Have
them  name
other parts of
plants  that
aren't in the
pictures,  guiding
them toward roots, Sow-
er, frust, and stem if they have
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not already mentioned these. The
information reveals which parts they
are familiar with and which perts
they may noxd mare cppoetunitees to
observe and discuss.

The last sub-idea has students
corsnect the plant pasts to their func.
tians, without going into detailed
plant processes at this level, such
as photosynthesis. Ask them what
they think the leaf and sead are wed
for. Limen carefully 10 s if they
recograee thm plants need sunlight
to grow and the leal helps the plane
“get” sanlight. Listen for early ideas
about reproduction, smach as seads are
wsedd to grow moee plants. Extend the
probe 10 include cther plant parts in
this subiden smach as roots, stema,
Bowers, and fruits,

The "Is It Made of Parts” probe
s an example of scaffolded foema-
tive assessment. Using a formative
assessment probe to elicit each of the
sub.ideas that make up a learn.

ing poal provides

valuable informa-

tice that & teacher

can then uw W ?

design  instructon

that builds upon 1,

and  links b

whewa, while sl

taneously peomot-

ing student thanking. As you use any

of the farmative sssessment probes in

the Uncovering Student Idoas series,

think abont how you can break any

learrang goal down into a smaller set

of icheas that you can use to scaffold

assesserment and snatruction. @

Page Keeley (phecleyn mman.org)

s the anthor of the Uncovering

Student Ideas in Science seres

(hepe/ Junecoveringstudentideas.

org) and a former NSTA president.
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Dear Teacher,

Thank you for participating in Tryon Creek State Park’s Field Trip Program. The Friends of Tryon
Creek is working to align their Field Trip programs with the Next Generation Science Standards
(NGSS), the most recently developed set of standards that will guide K — 12 schools in the
United States in the areas of science. In 2014, Oregon became one of sixteen states that have
adopted the NGSS. A clear and concise introduction to these three dimensions can be found
here: http://www.bozemanscience.com/next-generation-science-standards-introduction

What sets the NGSS apart from previous science standards is that students need to integrate
three dimensions - Disciplinary Core Ideas, Crosscutting Concepts, and Science and Engineering
Practices - in order to be scientifically literate. In doing so, students will be able to connect
science to the real world and develop a conceptual understanding of how science works. The
NGSS Performance Expectations (PE) combine the three dimensions. Each PE is a set of goals
that reflects what students must know and be able to do by the end of a certain grade level.
Another unique aspect of the NGSS is that the PEs build upon each other coherently from grade
level to grade level. It is the role of educators to decide what Disciplinary Core Ideas,
Crosscutting Concepts, and Science and Engineering Practices students need to know and be
able to do in order to achieve the PE by the end of the year.

This field trip program aims to support the following NGSS Performance Expectations by
developing a deeper understanding of how plants and animal parts (structures) allow them to
live (function) successfully in the Tryon forest:

K-LS1-1 Use observations to describe patterns of what plants and animals (including humans)
need to survive.

1-LS1-1 Use materials to design a solution to a human problem by mimicking how plants
and/or animals use their external parts to help them survive, grow, and meet their
needs.

2-1.S2-2 Develop a simple model that mimics the function of an animal in dispersing seeds or
pollinating plants.

The program will provide a model of how a lesson can integrate the three dimensions of the
NGSS. During your class field trip, the program will focus on teaching the Disciplinary Core Idea
and Crosscutting Concept of Structure and Function; and the Science and Engineering Practices
of Developing and Using Models and Constructing Explanations. Attached to this email is the
Field Trip Program Outline that will be used during your class visit. Please review it to get a
sense of how the three dimensions will be integrated.
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In preparation for your class field trip, the *Is It Made of Parts” probe (attached) can be used as
a pre-activity in your classroom to set the stage for your students” experiences durirg the Feld
Trip Program. In addition, we have created a lesson template that can help you develop a
follow — up activity in the classroom. This site can help you design a lesson that integrates the
three dimensions of NGSS: http-//rgss.nsta.org/designing-units-and-lessons. asox

We are determined to improve our programs. As a step towards improvement, we are
conducting research to learn how our Field Trip Program belps teachers understand the three
dimensions of the NGSS. After the field trip, you will receive an email with the option to
complete an anline survey. Upon compleétion of the online survey, you will be given the option
to participate in a follow-up interview which will be conducted by Noelle Niedo, a PSU graduate
student, at a location and time converient for you. Both online survey ard interview will take
approximately 30 minutes each to complete.

Your feedback is valuable to improving our programs. Should you participate, you will receive a
compensation of:

One 525 Amazon gift card for participating in the online survey

An additional Amazon $25 gift card for participating in the interview

Please feel free to contact Noelle at noelle2 @ pdx.edu with any questions regarding the
program and/or research option.

We look forward to providing an engaging and educatioral program for you and your students
during your time at Tryon Creek State Park.
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Appendix B: Measurement Instruments

Quatrics Sutvey Softaere e Rt

Default Question Block

Invitation to participate in the Understanding of the Three Dimensions of the Next
Generation Science Standards Study

As a K-2 Teacher who participated in Tryen Creek's Field Trip Program, you are irvited 1o participate in a research
study conducted by researchers at Portlanc State University. We hope 10 leam how e field trip program helped you ©
understand the three dimensions of the Next Gereralion Science Standards (NGSS). You were sslected as &
participant for this research based on your participation in Tryon Creek's Field Trp Program

Participation is voluntary, By agreeing to participate in this research, you will have the cpponrunity 1o proceed to he
online survey. Upon complesion of the online survey, you will be given the option 1© partcpate In 3 follow-up nterview,
which will be conducted by a PSU graduate student at a location and time converient for you. if no consent is given,
you will not be directed 1o the online survey.

Your feedback is valuable to improving cur programs. Shoulkd you participate, you will receive a compersation of
- One $25 Amazon gift carg for participating in the cnine survey
~ An additional $25 Amazon gift card for participating in the inteniew

Are there any risks? Your participation is voluntary. If you decide not to take part in this study it will not affect your
refationship with Tryon Creek State Park, your school district, or Portland State University. If you decice to particpate n
the study, you may withdraw your consent at any time, withcut penalty. By participating, you ane not waiving any lecal
claims, rights, or remedies.

What are the benefits? This siudy is desigred lo provide information that may help informal educaion programs 1
betier serve the needs K-12 teachers and students. As a participant in this project. your consent o the research can
contribute o the stucy of the role of informal science education programs on teacher professional cevelopment and
how 1o bes! suppert leacher understarding of the Next Generation Science Standards.

What are you doing to protect me? All information that is cbtained in study that can be linked 1o you or icently you
will be kept confidential. Before any analysis is performed in this study, your name will be replaced with 3 randomiy
assigned number. All information and data collected in this study will be kept in 2 locked fie cabinet at the Portiand
State University Center for SGence Education curing the study where only resaarch stall will have access. Aller the
study is complete, all information will be safiely stored in the office of the Center for Science Ecucation for 3 penoc of
three years.

Who can | call with questions? If you have concems or problems about your participation in Ihis study or your fights
as a research subject, please contact the Human Subjects Research Review Committes. Office of Research anc
Strategic Partnerships, Market Center Building, 1600 SW 4th, Portlanc State Uriversity, (S03) 725-3423 or (800) 547-
8887. If yeu have gquesticns about the study itsalfl, contact the PSU graduate student researcher, Noelle Nieco, &t he
Center for Science Education, (503) 801-5531, ncele2@pdx.edu.

Please indicate your decision bychocklngomofﬂnoptiau.lfyoudangomn“

later, please contact the researcher or the Human Subjects Research Review committee at
the number above.

| agree 1o pancipate in Te research shudy | 30 MOt AGree 10 DANCCale w T8 resaanch Shudy

A copy of this research consent form will be emailed to you for your records. Please enter
your email address below. (optional)

*itpa:lpertandstiste gua'tr cx oo ControlPanel A ax ohg Yact oo CetSurveyPr miPreview Sage T W
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Email Address

Please provide your name. Your identity will be kept confidential. All names will be

removed and data will be aggregated in ways that protects your personal connection to
your answers.

First Name

Last Name

Thank you for participating in our survey. We would like o know the following information about you.

Your school this year

Grace kevel you ane teaching this
year

Number of years you have been
feaching

Please tell us your personal
BCLCANONS

Please tell us what training you have |
recaived 1o help you prapars o

teach Naxt Generation Science
Standards-akgned scence

For the following questions, please check all answers that apply.
Di¢ yeu read the intreductory letter which was emailed before the field ip?
Read before the field tip Read after the field rip Dic rot read

Dig you waich the Next Generation Science Stancards Introcuction video?
Wiatched before the feld rip Waiched afler the field tip Did not watch

Dic you reac the Field Trip Program Outline?
Read before the field tip Read afier the field rp Dict not read

itpa:l/pertandstiste gua'tr cx comControlPanel /A ax phg Yact oo CetSurvey Sr miPreview Page 0
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Di¢ you use the s It Made of Parts probe as a dass activity?
Usad before the feid wip Used afler the field trp D not use

Di¢ you use the Lesson Ternplate to help design a classroom follow-up activity?
Yes No

Di¢ yeu use the Desigring Units and Lessons webpage to design a classroom follow-up sctivity?
Yes No

In the following sections, we would like you to compare how you felt before the field trip
and after the field trip. The “field trip” is defined as when you received the email and
materials we sent regarding the Next Generation Science Standards and the field trip
experience itself.

| am aware that the Next Generation Science Stancards (NGSS) has three dimensicns of learming.
| =
DCwsagree D=agree Neural Agree Srongy Agree
Before the field ¥ip ) ) ) ) )
After the field trp

| am aware of what an NGSS Performance Expectation is.
| ==
Cwsagree Ozagee Neural Agree Srongy Agree
Before the feid ¥ip
After the field trp .
| am aware that NGSS Performance Expectations are rot curriculum.
| ==
Cusagree Dzagee Neural Agree Srongy Agee
Bafore the feid vip
After the field trp

| am aware the NGSS Perfermance Expectations are a sel of goals that reflect what students must know and be sbie ©

*itpalpertadstiste goa'tr cx comContrelPanel A ax ohg Yact oo CetSurvey or mtPreview Sage I 0
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Quatrics Surwey Scftaare
oo by the end of a certain grade level
Strorgly
Cwagree D=agree Neural Agree Srongy Agree
Before the feid ¥ip . D C ) )
After the field trp N - N N N

| am aware that there are more Discipinary Core Ideas, Crosscutting Concepts, and Science and Engineering
Praclices than whal was modeled during the field trip.

Strongly

Disagree Disagree Newral Agran Swongy Agee
Before the field ¥rip B D - -
After the field trp

Block 2

| am aware of the Discipinary Core Idea of Structure anc Function.

Strongly

J Cisagree O=agree Neural Agree Srongy Agree
Before the fieid ¥ip - D (

After the field trp

| can help my stucents understand the Disciplinary Core Idea of Structure and Funcion.

Strongly )

Before the feid vip
Afler the field trp

| can help my students recognize that all ceganisms have external structures.

Sworgly
Jm Dsagres Newral Agrae Srongy Agres

Before the field ¥ip
After the fisld trp

| can help my stucents recognize that all crganisms are made of pans.

Sworgly
Johm Dsagree Neuval Agrae Srongy Agres

Baloea tha fald vin

mtpa:lpertiandsiste goatr cx oo ContrelPanel A ax phg Yact oo CetSurvey or mtPreview Sagedcr 0
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Afier the field trp

| can help my stucents recognize that the furcticn of an object or organism determines its struciure.
Sy
Disagree D=agree Neural Agree Srongy Agree

)

Before the feld vip ‘
After the field trp B -

)

| can help my stucents understand that cifferent animals use their extemal pans in different ways 1o survive, grow, and
reproduce.

Strongly

J Disagree D=agree Neural Agree Srongy Agree
Before the feid ¥ip - ) B B
After the field trp . -

What part of the fielc trip helped you mast to urderstand the Disciplinary Core Idea of Structure ang Function?

Block 3
| am aware of the Crosscutling Concept of Structure and Function.
| S v new sow sweovsew
Before the field ¥ip - D C - B
After the fisld trp - - - - -

| can help my stucents recognize that they will see structure and furciion in different ameas of ciscipinary coment
(Physical Science, Life Science, Earth anc Space Scence, and Engineering).

Strorgly

Disagree Dsagree Neuval Agree Swongly Ages
Before the field ¥ip - 0 » - .

)

After the field trp
Sage s
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| can help my students recognize that both natural and human-buill systems have structures that are related 1o spechc
furctions,

Strongly

J Cwsagree O=agree Neural Agree Srongy Agee
Before the feid ¥ip - D - .
After the field trp

Block 4

| can help my stucents recognize that engaging in the Practices of Science and Engireering allows hem 10 understand
how scientific knowledge develops.

Strongly
_|D'|ugu Osagree Neural Agree Srongy Agee

Bafore the feid ¥ip
After the field trp

| am aware of the Science and Engineering Practice of Constructing Explanations.

Strongly )

Disagree Dsagree Neural Agree Srongy Agres
Bafore the feid ¥ip - D
Afler the field trp

| am aware of the Science and Engineering Practice of Developing and Using Models.
Sworgly
_| Disagree Dsagree Newval Agran Swongly Agree

Before the feld ¥ip
Afler the field trp

Which of the following activities did you see during ™e field trip? Chack all that apply.
| BeaweriFrog/insect Actwity (Classroom)
Weodpecker Holes AcSvity
Male Holes Actiity
. Animal Color (finding squirrel piciures)
Animal Communication (matching stuffed anmals and their sound)

ta Qualtr cx oo C . phe G veySr mPreview Sage S0
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Seed Actwity (hazeinut)

Plant Protaction (thorms on stinging nattie)
Create-a-Creature Activity

| did not see any of these activites.

The Science anc Engineering Pracice of Developing ard Usirg Models aliows students to engage in using 3 moce! 1o
represant relationships. Through this practice, studerts also distinguish between & moedel and he aciual object the
moded represents. Of the activities you observed, which activity incorporated the Science and Engingenng Pracice of
Developirg and Usinrg Models? Check all that apply.

BeaverFrog/insect Acivity (Ciassroom)

Woodpecker Males AcSvity

Male Holes Actvity

Animal Color (finding squirel piciures)

Animal Communication (matching stuffed anmals and their sound)

Seed Actwity (hazeirut)

Plant Protaction (thorms on stinging nettie)

Create-a-Creature Activiy

| dicd nat see any aclvity incorporate this Science and Engineerng Practice.

The Science anc Engireering Pracice of Constructing Explanations allows students 1o ergage in using irformation
from cbservations 1o construct an evidence-based acoount for natural phencmena. OF the activilies you cbserved,
which activity incorporated the Science and Engineerning Practice of Corsiructing Explarations? Check all that spgly

BeaveriFrog/insect Actwity (Cassroom)

Vioodpeckar Holes AcTvity

Male Holes Actity

Arimal Calor (finding squirel pictures)

Animal Communication (manching stuffed anmals and their sound)

Seed Actvity (hazeirt)

Plant Protection (thoens on stinging nettie)

Creane-a-Croatwre Activiy

| it Nt 580 Sy ACTVity INCorporale this Sciance and Engineerng Practice.

| can engage iy students in the Scence and Engineering Practice of Developing and Using Models.

mipa:fpertandstiste guatr cx comControlPanel A ax phg Yact oo CetSurvey or mtPreview

Strongly )
Disagree Dsagree Newral Agran Swrongy Agee

Page T
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Bafore the field ¥ip - 8 C . -
After e fiald trp

| can engage mmy students in the Scerce ard Engneering Practice of Construcing Explanasors.

| S ew  weaw sow  seoviom
Before the ‘eid ¥io )
Aflar the field trp - - N - o

How useful do you think each of these materials was in helping you understand the NGSS? Your feechack will help us
improve our programs in the future.

Somewhat
Ot read Not at all useful  Not very usefd wsefyl Very sefd

Introduciory Letter (email)

Next Gonamntion Scencs -~ ~ - -~ -~
Standards Introduction Video

Field Trip Program Outing
Is t Made of Pans Probe

Lesson Template for ~ ~ -~ ~ ~
<dassroom follow-up activity

Designing Units and Lessons - - . : :
Webpoge

Field Trip Expenence at ~ ~ ~ ~ ~
Tryon Creek State Park

Block 5

If you were to design a follow-up activity for your dlass, how woulkd you take what you leamed curing the fielc rp ©

develop that activity for your class? Please provide a detailed description. Be sure 10 inciude how you would

LﬂwnwwwamNGSSM'mm pli Core Icea, Crosscutting Concept, and Science ang Engireenng
ce,

What dic you observe on the fieki inp that helpec you understand insegrating the three NGSS dimensiors (Discplnary
Core |dea, Crosscutting Concept, and Scence and Engineering Practice) inlo teaching science?

semC g Cetturveydr mtP-eview Sage2
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What other activities have you planned or wil plan in your cumiculum curing the year that bulld stucer: understanding
of the Crosscutling Concept of Structure and Function?

What other informaticn wouki be helpful for you to better undersiand using the NGSS?

Block 6

Block 1

Thank you for participating in the research survey. Please provide your email address so
that a $25 Amazon gift card can be sent to you via email.

Email Address

Interviews will be scheduled at a location and time convenient for you. Should you
participate, you will receive a compensation of an additional $25 Amazon gift card. Would
you like to participate in a follow-up interview?

Yes No

Thank you again for participating in the research survey. This final section will serve as
an evaluation for general aspects of the Field Trip Program.

LY
)

mitpa:l(pertiardsiste gua'tr cx oomContrelPanel A ax phg Yact oo CetSurvey or mtPreview Suge 9
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My students are batler able
1o meet my leaming
abjectves due 1o this
program

g

This program was ~
educational for my studants

This program was fun for my -
students

Our Nature Guides seemed

10 understand chidren and
relatad 10 tham wel

What would have improved the program for you?

What was your favorite part of the program?

Psgs T O
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Interview Questions

Interview Question 1: What materials did you receive in advance? Did you receive and
engage in any material regarding the Next Generation Science Standards before the field
trip?

Interview Question 2: Can you tell me where you saw or heard the Disciplinary Core
Idea of Structure and Function at any point during the field trip?

Interview Question 3: The Science and Engineering Practice of Constructing
Explanations involves using information from observations to construct an evidence —
based account for natural phenomena. Do you recall if there was a point in the field trip
where your students were asked to construct their own explanations based on evidence
they found?

Interview Question 4: Developing and Using Models in the K-2 level involves creating
physical replica to represent phenomena and distinguishing between a model and the
actual object the model represents. Do you recall if there was a point in the field trip
where your students used a model to represent relationships? Or learned to distinguish
between a model and the actual object the model represents?

Interview Question 5: Structure and Function is a concept found in all areas of science
in both natural and human-built systems. Can you tell me where you saw or heard or

saw this idea at any point during the field trip?
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Appendix C: Interview Transcripts

Interview Question 1: What materials did you receive in advance? Did you receive and

engage in any material regarding the Next Generation Science Standards before the

field trip?

Teacher 6: It was actually just a ton of information that | received. And, I'll be
honest, | only went through part of it...

Teacher 7: | didn't have a lot of time to read through things. my attitude was that
| just had to get the kids ready. | think | might have gotten more emails that |
didn't read. | don't recall [receiving any materials regarding the NGSS]. Maybe
there was but | don’t remember anything.

Teacher 13: we did that "is it made of parts" probe assessment...and | even went
on the NGSS website and looked at some of the resources they had.

Teacher 17: | did [notice information about the NGSS in particular]. | did like the
structure of having kind of the information ahead of time of what you guys were
going to be talking about and being able to do some basic conversation about it
and then see it and then we got into deeper conversation when we got home,

then got back to school.
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Interview Question 2: Can you tell me where you saw or heard the Disciplinary Core
Idea of Structure and Function at any point during the field trip?

* Teacher 6: | feel like, you know, when he was talking about the different beaks
on the different birds... and he talked about what they're used for and what
would this bird eat and things like that. We talked about, um, like a beaver's tail,
and a beaver's claws, and its teeth...l think they were moles that were making all
those holes. But we talked about, you know, how their claws worked and helped
them in the hole and, you know, how fast they could dig the dirt, you know, and
all that type of things. But they did the classroom activities. | feel like we talked
about, you know, 'if your paw was formed like a spatula or a fork or those
different things: which one was easier...?' So that kind of, you know, showed
them. Although they already knew the results, you know, before we even did the
"which one could pick up more cotton balls" or whatever, | don't really
remember exactly.

* Teacher 7: | think in the classroom it was going on because the Tyron creek
volunteer was talking to the kids about the beaver. And she was talking to them
explicitly about the body parts of the beaver and how the body parts have
adapted in a way for the beaver to survive. So there was a lot of conversation
about the beaver's tail and how it flaps. And how it flaps, it's telling its children

that there's danger.
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* Teacher 13: | felt like the pre-assessment helped me and I've been away of it
before but never in those terms... so it was nice to have those terms there and
even using those terms with my students | think is important...| felt like this was
a really good background foundation for me to continue next year when we
study animal adaptations and when we study plants just thinking about the form
and the function of the different parts. and that ties right into our adaptation
unit. so it's just nice to add those words into my sort of awareness and to also
use those terms in different ways with my kids with our adaptions unit that
we're going to do next year. We talked about it in the beaver activity. in the
beaver activity, they talked about the different parts and what it was used for.
the claws, the tail, the fur, we talked about the teeth and what the functions of
that were...the beaver activity, that was a big part of it. And the trail, we
definitely talked about the different parts like for example, the stinging nettle.
we talked a lot about that. one of my kids actually did have a little bit of a sting.
of course he touched it because he was curious. so we talked a little bit about
that.

* Teacher 17: oh she pulled out the skull of the woodpecker and talked about
how... and the tongue, how the tongue works.

Interview Question 3: The Science and Engineering Practice of Constructing
Explanations involves using information from observations to construct an evidence -

based account for natural phenomena. Do you recall if there was a point in the field
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trip where your students were asked to construct their own explanations based on
evidence they found?

* Teacher 6: The seed dispersal definitely. Because they were so into that, yes. He
would ask them questions: "How could this have gotten from point a to point
b?" And they came up with a million ways: "A bird could take it, an animal could
take it, it could stick on your fur," you know, "the wind," things like that. We also
talked about the layers of the forest. And we had talked a lot about that at
school and how dark it was, you know, where we were and then we could look
up and could see that it was bright up above, and which animals would live up
there and which were down on the forest floor, things like that.

* Teacher 7: Yes. Definitely. There was a lot of investigative kind of work that went
on where they were asked, "well what do you think about that? or "what would
you do if you were an animal" or "why do you think the plant has done that."
yeah there was definitely... the guy that was our guide definitely, | think he was a
high school teacher, so he definitely asked them some questions... kind of
hypothesizing a little bit...

* Teacher 13: | think when they did the create their own animal they definitely had
to explain, for sure. that was really a clear and obvious one. and then when we
were doing the trail, | remember the guide, one of my kids would point out and
notice a banana slug or notice a cone or notice something... a hole... and she

would ask questions, for sure: "why do you think hat's that way? and what do
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you think that's for?" and so | totally remember she asking lots of questions and
having the kids respond, absolutely, | couldn't tell you the exact questions or
details but | do remember that exchange for sure. but it was most clear because
every kid was busy and | could sit and really observe while the trail was the trail
was a little bit more active for me.

Teacher 17: | think during when they built their own animals. | think that was the
only time. and why did you give it those wings? and what would that do for it?
and | think those were the only ones that they really kind of gave their
explanations. | mean they gave thoughts on things and asked questions. but |

think that was the only time they were really giving their like...

Interview Question 4: Developing and Using Models in the K-2 level involves creating

physical replica to represent phenomena and distinguishing between a model and the

actual object the model represents. Do you recall if there was a point in the field trip

where your students used a model to represent relationships? Or learned to

distinguish between a model and the actual object the model represents?

Teacher 6: (laughs) Yeah, well, his dead animals were good models - they were
actually the real subject. But no, he did. He would just show us, you know, how
little moles' paws kind of looked like a tiny fork. And then he had a fork and he
dug through the dirt with that. And then the woodpeckers' beak, you know... he
put it into a hole and showed them, you know, how deep it could actually go into

a hole. And what would be inside the hole, things like that. In the classroom, we
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did the whole game, both of the games had the models... tools that we used that
were not the true, you know, it wasn't a true claw but it was... | think one was
like a spatula (representing) like a beaver's tail or something like that. And how
fast it could go through water. And what it could do, things like that, yeah.
Teacher 7: this guide did use some kind of. give me an example of what you
mean. yeah. mhm. that's a really good idea. | don't remember seeing anything
like that. there was models but that's really a good idea. that should definitely be
added. | think we might have had conversion about the beak but | don't think.
but you're right, kids need hands - on. they need to touch things and they need
to be able to actually experience that wonder of "oh, so that's why that bird has
such a long beak or " that's why that bird..." so and maybe the other guides may
have talked about that more. | was only on one group. so the other guides might
have definitely talked about it.

Teacher 13: | think the beaver activity was definitely in line with the modeling
because you know the guide was there and she would show an example of how
to use the tongs or the spoon about making noise. she had that as a model for
the kids to think about how they would use these different tools to communicate
or to solve a problem or to build something. and so she used that modeling for
sure. on the trail, | can't remember, | know when they had to build their own
animal she started by doing something just to show. | think she grabbed one or

two things nearby and just used that as an example because that was a pretty
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intuitive activity and the kids just got right to it, she didn't need to do much
modeling there.
Teacher 17: again, just that one time. but other than that, no. yeah, create a

creature. yeah.

Interview Question 5: Structure and Function is a concept found in all areas of science

in both natural and human-built systems. Can you tell me where you saw or heard or

saw this idea at any point during the field trip?

Teacher 6: Um, | don't - remember | didn't read them all. It was probably in there.
Yeah. He did talk about the human built systems. | can't really think of what it
was.

I'm trying to think. | know that there probably were. And we did talk about like
our hands and, um, you know, we looked at our own human hands and
(discussed) "what are good for?" things like that, compared to animals’ hands,
and you know, "Are they webbed? Are they this? Tips of our fingers super sharp?
No." You know, things like that. But | can' think of anything. No | just can't think
of anything. I'm sure we discussed some things. He had a lot of knowledge. But |
can' think of anything. No | just can't think of anything. I'm sure we discussed
some things. He had a lot of knowledge.

Teacher 7: 1 don't think so...I think it was probably brought up. I think it was
brought up but | don't think it was brought up in those terms. | think it was

simplified so that kids would understand it. but it was definitely addressed.
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because what you're talking about, again, is the body parts of the animal and the
plants. or the parts. and you're talking about how they function in order to live in
the ecosystem they are living in. so | think that was brought up quite a bit but it's
almost like | need to understand that a little bit more myself.

Teacher 13: well | felt like the engineering part was when we created our own
animal on the trail part because that's when they were designing and building
their own animals and | had quite a few kids building 2 or 3 different animals or
had a team of kids building one big animal and then talking about the different
parts. | felt that that was engineering, wouldn't you say that's correct? we talked
about it in the beaver activity. in the beaver activity, they talked about the
different parts and what it was used for. the claws, the tail, the fur, we talked
about the teeth and what the functions of that were...the beaver activity, that
was a big part of it. and the trail, we definitely talked about the different parts
like for example, the stinging nettle. we talked a lot about that. one of my kids
actually did have a little bit of a sting. of course he touched it because he was
curious. so we talked a little bit about that.

Teacher 17: we didn't really touch on that. I'm trying to think. I'm trying to recall.
and | mean, | think a little of that applies in the classroom. | mean talking about
the differences in our hands so | think when | think of the CCC, | think the most

we saw of that was in the classroom when we were doing those. | felt like all of

96



the guides in there were kind of using that, "how is that different from how you

are and how is that..." | felt that there was more of that there.
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