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Curriculum Overview

I. Introduction
	Kids into Discovering Science (KiDS) is a K-12 science education program designed to bolster academic achievement and critical scientific thinking. Through 10 in-class hands-on lessons and a field day trip, students activate biological curiosity and engage in hypothesis testing. In KiDS, elementary students act as the "Principal Investigators" on their own plant ecology experiment. Students develop hypotheses, collect data, and test their hypotheses by calculating and graphing results. The program culminates in a full day of hands on activities on the field day led by college undergraduate and graduate students in ecology, evolution, plant science, and entomology. 
	Participating in hands-on science through experimentation is one of the most-effective ways to engage young people in science1. But many teachers face challenges when it comes to inquiry-based science programming2 , and teachers often find it difficult to coordinate hands-on, outdoor activities to supplement classroom learning3. Similarly, undergraduate and graduate students in scientific fields need opportunities for outreach and experience translating science beyond the academy4,5. The Kids into Discovering Science (KiDS) curriculum offers a synergistic outreach opportunity to students and science enrichment to elementary school students through 10 weeks of in-classroom short lessons and a field trip to a local natural area. 
	The mission of the KiDS curriculum is to 1) promote academic achievement in a low-income and under-served school district by giving students firsthand field and lab experience with science and scientists; 2) engage students in science as a process of discovery and questioning, not simple memorization of facts; 3) provide opportunity for students to realize a “sense of place” by focusing on the ecosystems that make their home landscape unique; and 4) provide an opportunity for undergraduate and graduate students and faculty to increase their skills at science communication and outreach of their expertise beyond the academic forum. Each lesson is designed to address all of these goals: lessons are written so that a wide variety of volunteer instructors can come to meet with the elementary students, and content focuses on principles of ecological understanding and the scientific process within local environments.
	The KiDS curriculum was designed and implemented by University of California, Davis, scientific researchers for an under-served elementary school, Lower Lake Elementary, near the University of California McLaughlin Natural Reserve, in Lake and Napa Counties, CA.  The authors worked with elementary school teachers to identify curriculum needs a priori. The science, technology, engineering and math (STEM) topics included in the program were highlighted by the classroom teachers as areas in which they need the most support. The program has been implemented annually by UC Davis graduate students and faculty since 2010, and has each year served 50-90 5th graders, 2-3 5th grade teachers, 10-20 parent chaperones, 20-25 graduate students (2 as program co-coordinators), 5-10 undergraduates and 3-6 faculty members. 
	Though the curriculum was originally written to focus on the landscape of Lake County, California, and McLaughlin Reserve in particular, the curriculum can be adapted to other schools and other landscapes while preserving its mission and much of its structure and content. Many lessons can already apply to other landscapes and experiments with minor tweaks, while others may require more creativity. See part IV of this overview and “Adapt This!” boxes throughout the curriculum for more on this topic.

III. Curriculum Overview
	Instructed by university scientist volunteers, the elementary students in the KiDS program receive 10 weekly 60-90-minute lessons designed to teach plant biology, ecology, and the scientific method, followed by a field trip to a local reserve that reinforces concepts from the classroom lessons. Our curriculum is a series of “live” working lesson documents that are revised and commented on by volunteers as they teach them each season. 
	In the classroom lessons, each class runs a two-month long experiment testing the effects of soil type on plant growth. For Lower Lake students, we chose to focus on a unique local soil type, serpentine soil, so that students can learn about their home environment while developing scientific skills and knowledge of ecological concepts. The experiment serves as the foundation for lessons on plant growth, ecology, soils, graphing and statistics. At each classroom lesson, a group of 2-4 volunteer instructors introduce themselves (including their pathway to science, their goals, and their scientific interests), review the experiment so far, and introduce that day’s lesson. Volunteer instructors guide the lesson with the aid of prepared SmartBoard materials. Students take notes, answer questions, make written and visual observations, record data, and make graphs in a workbook provided to each student. 	
	Lesson 1 introduces the program, explores the scientific process, and introduces students to observation using habitat photos. In Lesson 2, students set up their experiment. Lessons 3 and 4 focus on principles of plant growth and introduce data collection and bar charts. Lessons 5 through 9 introduce students to several ways of assessing, visualizing, and summarizing results, including graphing and calculation of basic summary statistics. Lesson 10 reviews previous topics and asks students to apply what they have learned through a fun Jeopardy!-style game. A final, optional lesson features the expertise of a volunteer instructor; we provide a lesson on wildfire from 2016 as an example here. Each lesson is designed to be highly interactive. Students discuss, ask questions of each other, and formulate hypotheses, and work in groups to address their hypotheses with measurements and analyses.
	The students deepen the ecological significance of what they have learned in lab study during a field day to a local natural area. Students are divided into small groups led by volunteer instructors. At the reserve, the small groups engage in activities designed to give them first-hand experience with ecology, including awareness of key scientific concepts: biodiversity, evolution, and climate change. Students get to observe principles learned in the classroom up close in a local landscape. Students rotate through 3-4 different stations, including a natural history hike, a hands-on station with locally collected aquatic invertebrates, a food webs activity, and re-enactment of a real experiment focused on predator-prey relationships and camouflage.  

IV. Curriculum Documents
Curriculum documents include the overview, the classroom lesson plans, a field trip lesson plan that includes several stations, and the student workbook. Each classroom lesson document includes an overview cover sheet that describes the themes, activities, and necessary supplies, the lesson plan, and assessment materials for volunteers. SmartBoard materials referenced in the lessons are provided for most lessons as a separate document. 

· Curriculum Overview
· Student Workbook
· Lesson 1: California Habitats
· Lesson 1 SmartBoard Documents
· Lesson 2: You Are The Scientist!
· Lesson 3: Scoring Emergence
· Lesson 3 SmartBoard Documents
· Lesson 4: What Do Plants Need To Grow?
· Lesson 4 SmartBoard Documents
· Lesson 5: Evaluating Success
· Lesson 5 SmartBoard Documents
· Lesson 6: Seeds and Seedlings in Action
· Lesson 6 SmartBoard Documents
· Lesson 7: Visualizing Plant Growth With Graphs
· Lesson 7 SmartBoard Documents
· Lesson 8: Which Group Is Taller, On Average?
· Lesson 9: Jeopardy!
· Lesson 9 SmartBoard Jeopardy! Board and Documents
· [bookmark: _GoBack]Lesson 9A: #ActualLivingScientist Mini-Lesson
· Special Feature Lesson: Fire in the Environment
· Special Feature SmartBoard Documents

V. Benefits for Students, Teachers, and Volunteer Instructors
	The relationship established between volunteers and the students and teachers in Lower Lake provides many benefits to all parties involved. Our program meets many Next Generation Science Standards and Common Core State Math Standards and for 5th grade, as well as similar grade levels. We meet these standards by asking questions and conducting investigations focused on plant growth, interaction between organisms and their environment (plants and soil), and the relationship between humans and the environment. Students learn how to classify objects such as plants and soils.  They develop testable questions, plan and conduct simple investigations, identify variables, select appropriate tools to carry out experiments, record data, draw conclusions, and innovatively work towards developing a report of their results through classroom sharing and comparing of information.
	In addition, the focus on local soil types in the central experiment, the use of local habitats as examples, and the field trip to a local reserve under the guidance of scientist volunteer instructors also allows students to develop a “sense-of-place” and understanding of local ecology. There is room in each lesson to develop students’ sense-of-place by learning about the immediate environment and how each lesson is related to the local landscape. Discussing with students their observations, hypothesis, experiment design, and results allows for the connection to how plants and soils behave in their local ecosystem.
	Important to our program and Lower Lake Elementary School is the ability to also present students with a different perspective of who is a scientist and what type of work they are involved in. Lower Lake elementary school is recognized as an underserved and low-income elementary school, and it is located in a rural area. As a result, students have few opportunities to interact with scientists and the examples of scientists that they do see are likely to fit stereotypical models of a scientist, making it difficult for students to see themselves as future scientists. By bringing in a wide variety of volunteers, we showcase diversity in science and demonstrate that science is for everybody and that there are many ways to be a scientist. In 2017, we added a new lesson focused specifically on highlighting our volunteer staff and diverse scientists from around the world at work in the lab or field.
	The teachers in Lower Lake have indicated that they need the most support in teaching STEM subjects. In the KiDS program, volunteer instructors work with classroom teachers to introduce STEM concepts into the classroom. In turn, teachers use their own expertise to help newcomers to teaching bring their scientific knowledge into a 5th grade classroom, emphasizing concepts, managing the classroom, and maintaining the experiment throughout the week when volunteer instructors are not present. Volunteers develop skills at communicating science to non-scientist children, teachers, and parents. They also engage in multiple facets of elementary education including curriculum development, instruction, and assessment. 

VI. Tailoring and Adapting the Curriculum 
Location and Experimental Focus
	A fundamental part of our program is its incorporation of place-based ecology, posing a challenge to those wishing to introduce the KiDS curriculum to schools outside of Lake County or where serpentine soils are not present. However, the curriculum can be tailored to other locations without losing the importance of local ecology by modifying the experiment to use local soil types or even designing a completely different experiment. Throughout the curriculum, “Adapt This!” boxes provide suggestions for adapting that lesson’s content to different contexts. For example, the first lesson on habitats can use photos of any habitats. A plant growth project works the best with our existing curriculum, but many lessons (e.g., observing habitat photos, calculating averages, visualizing data with graphs) are easily adaptable to a variety of systems.

Instructor Type
	A main goal of the program is introducing students to real scientists and science pathways. In the KiDS program, we have used a rotating team undergraduate and graduate science students, faculty, and staff as volunteer instructors to present the curriculum, with minimal responsibilities for the full-time classroom teachers outside of formal program time. Volunteer instructors describe their field of study to students and use examples from their work to emphasize concepts in the curriculum. Volunteer instructors are invited to design lessons or field trip stations based on their area of expertise. Past lessons of this type have focused on nematodes found in soils on the school grounds and fire ecology in Lake County in the year after a major local wildfire. The strength of this setup is the opportunity for students to meet many scientists and science students and in turn provide science outreach opportunities for students and faculty. The major drawbacks are a lack of consistency in instructors and mixed teaching ability in the teaching team. 
This curriculum may be taught instead by full time teachers or by a more even balance of classroom teacher/volunteer time. If the program is taught by full-time classroom teachers, we encourage teachers to invite scientists into the classroom as guests and to use Lesson 9A to emphasize diversity in science and science careers, which we consider a key part of our program. Teachers can look into the Skype A Scientist program (https://www.skypeascientist.com/) to find teachers who are interested in virtual classroom visits.

Student Age or Grade Level and National Education Standards
	 
Though the KiDS program was aimed at children in 5th grade, the overall structure and many of the lessons can be adapted for older or younger students. Workbook prompts can be made simpler or more complex. For younger students, the program can focus on observation and a simplified experimental process (removing concepts such as photosynthesis, graphing, and averages). Older students can work on more complex experiments and pursue greater depth in the topics of plant science, the experimental process, and scientific careers. Older students can also design their own individual or small group research projects (look into PlantingScience (https://www.plantingscience.org/) for online mentorship support for small group projects). Other options for older students include interviews or research about real scientists, explorations of relevant scientific literature, keeping observations in a less structured lab and field notebook, and presenting final reports on their research.
This program was designed for 5th graders in California, and the lesson plans highlight Next Generation Science Standards for elementary school and Common Core math standards for 5th grade. Instructors wishing to address Common Core literacy standards in the sciences might add readings relevant to the central experiment, such as articles highlighting similar experiments performed by professional scientists, or articles highlighting the local environment. The overall structure of using a plant science experiment or other experiments to demonstrate the scientific process from experimental setup through data analysis and presentation can be adapted to meet a wide variety of basic and advanced topics in life and earth science, measurement, and statistics. See Education Standards section of this overview and Adapt This! boxes for more ideas. 


VII. Common Core Math and  Next Generation Science Standards:

Below are Common Core Math and Next Generation Science Standards, organized by grade level, that are directly addressed by our curriculum, as well as those standards (in italics) that are partially addressed or may be addressed through supplementing the curriculum with additional relevant grade-appropriate activities within the overall KiDS program structure. Below each standard we list particular lessons that cover this standard or where a standard may be met with some adjustment. At present, this curriculum is not sufficiently focused on reading or writing to meet Common Core English Language Arts standards. However, the experimental framework, logbook, and sense-of-place journal could be used as a starting point for reading and writing exercises related to the experiment, local environments, relevant scientific literature, and other topics covered in this curriculum.

Kindergarten—

NGSS

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

(Lesson 4)
K-ESS3-1.	Use a model to represent the relationship between the needs of different plants and animals (including humans) and the places they live.

(Lesson 1, Fire Lesson, Field Trip)

Common Core
CCSS.MATH.CONTENT.K.MD.A.1.	Describe measurable attributes of objects, such as length or weight. Describe several measurable attributes of a single object.

(Lessons 3-5)

CCSS.MATH.CONTENT.K.MD.A.2.	Directly compare two objects with a measurable attribute in common, to see which object has "more of"/"less of" the attribute, and describe the difference.

(Lessons 3-5, 8)

Grade 1—

NGSS
N/A

Common Core
[bookmark: CCSS.Math.Content.1.MD.C.4]
CCSS.MATH.CONTENT.1.MD.C.4.	Organize, represent, and interpret data with up to three categories; ask and answer questions about the total number of data points, how many in each category, and how many more or less are in one category than in another.

(Lessons 3-8)

Grade 2—

NGSS
2-LS2-1.	Plan and conduct an investigation to determine if plants need sunlight and water to grow.
(Full program, modified for younger students)
2-LS4-1.	Make observations of plants and animals to compare the diversity of life in different habitats.
(Lesson 1, Field Trip)
Common Core
[bookmark: CCSS.Math.Content.2.MD.A.1]
CCSS.MATH.CONTENT.2.MD.A.1.	Measure the length of an object by selecting and using appropriate tools such as rulers, yardsticks, meter sticks, and measuring tapes.

(Lessons 4-7)

[bookmark: CCSS.Math.Content.2.MD.A.2]CCSS.MATH.CONTENT.2.MD.A.2.	 Measure the length of an object twice, using length units of different lengths for the two measurements; describe how the two measurements relate to the size of the unit chosen.

(Lessons 4-7)
[bookmark: CCSS.Math.Content.2.MD.D.9]
CCSS.MATH.CONTENT.2.MD.D.9.	Draw a picture graph and a bar graph (with single-unit scale) to represent a data set with up to four categories. Solve simple put-together, take-apart, and compare problems1using information presented in a bar graph.

(Lesson 3)

Grade 3—

NGSS

3-LS4-3.	Construct an argument with evidence that in a particular habitat some organisms can survive well, some survive less well, and some cannot survive at all.  

(Full experiment, Lesson 1, Fire Lesson, Field Trip)

3-LS3-2.	Use evidence to support the explanation that traits can be influenced by the environment.

(Full experiment, Lesson 1, Fire Lesson, Field Trip)

Common Core
[bookmark: CCSS.Math.Content.3.MD.B.3]
CCSS.MATH.CONTENT.3.MD.B.3.	Draw a scaled picture graph and a scaled bar graph to represent a data set with several categories. Solve one- and two-step "how many more" and "how many less" problems using information presented in scaled bar graphs.

(Lesson 3, Lesson 7)

CCSS.MATH.CONTENT.3.MD.B.4.	Generate measurement data by measuring lengths using rulers marked with halves and fourths of an inch. Show the data by making a line plot, where the horizontal scale is marked off in appropriate units— whole numbers, halves, or quarters.

(Lessons 4-7)

Grade 4—

NGSS
4-LS1-1.	Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and reproduction.
(Lesson 4, Lesson 6)
Common Core
[bookmark: CCSS.Math.Content.4.MD.B.4]CCSS.MATH.CONTENT.4.MD.B.4.	Make a line plot to display a data set of measurements in fractions of a unit (1/2, 1/4, 1/8). Solve problems involving addition and subtraction of fractions by using information presented in line plots. 
(Lesson 7)
Grade 5—
NGSS
5-PS3-1.	Use models to describe that energy in animals’ food (used for body repair, growth, and motion and to maintain body warmth) was once energy from the sun. 

(Lesson 4)

5-LS1-1.	Support an argument that plants get the materials they need for growth chiefly from air and water.

(Lesson 4)

5-LS2-1.	Develop a model to describe the movement of matter among plants, animals, decomposers, and the environment.

(Lesson 4, Fire Lesson)

Common Core
[bookmark: CCSS.Math.Content.5.MD.B.2]CCSS.MATH.CONTENT.5.MD.B.2.	Make a line plot to display a data set of measurements in fractions of a unit (1/2, 1/4, 1/8). Use operations on fractions for this grade to solve problems involving information presented in line plots.

(Lesson 7)

Middle School NGSS

MS-LS1-6.	Construct a scientific explanation based on evidence for the role of photosynthesis in the cycling of matter and flow of energy into and out of organisms.

(Lesson 4)

MS-LS2-1.	Analyze and interpret data to provide evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem. 

(Full experiment)

MS-LS2-3.	Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. 

(Full experiment, Fire Lesson)

MS-LS2-4.	Construct an argument supported by empirical evidence that changes to physical or biological components of an ecosystem affect populations. 

(Fire Lesson, Field Trip)

MS-LS2-2.	Construct an explanation that predicts patterns of interactions among organisms across multiple ecosystems. 

(Field Trip)

Middle School Common Core

Grade 6—
[bookmark: CCSS.Math.Content.6.EE.C.9]CCSS.MATH.CONTENT.6.EE.C.9.	Use variables to represent two quantities in a real-world problem that change in relationship to one another; write an equation to express one quantity, thought of as the dependent variable, in terms of the other quantity, thought of as the independent variable. Analyze the relationship between the dependent and independent variables using graphs and tables, and relate these to the equation. For example, in a problem involving motion at constant speed, list and graph ordered pairs of distances and times, and write the equation d = 65t to represent the relationship between distance and time.

(Lesson 7, Lesson 8)

[bookmark: CCSS.Math.Content.6.SP.A.1]CCSS.MATH.CONTENT.6.SP.A.1.	Recognize a statistical question as one that anticipates variability in the data related to the question and accounts for it in the answers. 

(Lesson 5, Lesson 8)

[bookmark: CCSS.Math.Content.6.SP.A.2]CCSS.MATH.CONTENT.6.SP.A.2.	Understand that a set of data collected to answer a statistical question has a distribution which can be described by its center, spread, and overall shape.

(Lesson 5, Lesson 8)

[bookmark: CCSS.Math.Content.6.SP.A.3]CCSS.MATH.CONTENT.6.SP.A.3.	Recognize that a measure of center for a numerical data set summarizes all of its values with a single number, while a measure of variation describes how its values vary with a single number.

(Lesson 5, Lesson 8)

[bookmark: CCSS.Math.Content.6.SP.B.4]CCSS.MATH.CONTENT.6.SP.B.4.	Display numerical data in plots on a number line, including dot plots, histograms, and box plots.

(Lesson 3, Lessons 7-8)


[bookmark: CCSS.Math.Content.6.SP.B.5]CCSS.MATH.CONTENT.6.SP.B.5.	Summarize numerical data sets in relation to their context.

(Lesson 5, Lesson 8)

Grade 7—


[bookmark: CCSS.Math.Content.7.SP.B.4]CCSS.MATH.CONTENT.7.SP.B.4.	Use measures of center and measures of variability for numerical data from random samples to draw informal comparative inferences about two populations. 

(Lesson 8)

Grade 8—
[bookmark: CCSS.Math.Content.8.SP.A.1]CCSS.MATH.CONTENT.8.SP.A.1.	Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities. Describe patterns such as clustering, outliers, positive or negative association, linear association, and nonlinear association.
 (Lessons 7-8)
[bookmark: CCSS.Math.Content.8.SP.A.2]CCSS.MATH.CONTENT.8.SP.A.2.	Know that straight lines are widely used to model relationships between two quantitative variables. For scatter plots that suggest a linear association, informally fit a straight line, and informally assess the model fit by judging the closeness of the data points to the line.
(Lessons 7-8)

High School—

NGSS

HS-LS1-5.	Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy.

(Lesson 4)

HS-LS2-6.	Evaluate claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.

(Fire Lesson)

Common Core

Many standards within the following categories in Statistics & Probability:
Interpreting Categorical and Quantitative Data
Making Inferences and Justifying Conclusions



VIII. Lesson Plan Glossary

· Volunteers or volunteer instructors – the UC Davis graduate and undergraduate student volunteers that teach in the KiDS program at Lower Lake Elementary and the McLaughlin Reserve.
· Students – 5th grade program participants
· Sense of Place Connection – Themes of the lessons that build student’s sense of their place and interaction with ecology and biology. This connection is built in each lesson in different ways through both the curriculum and additional material presented by the specific volunteers for that class period.
· Teachers – 5th grade class full-time teachers
· SmartBoard – A digital interactive whiteboard used in the Lower Lake classrooms. 
· Student Experimental Log – A set of handouts, datasheets, and worksheets that we provide for each student in the program with materials for each lesson.  These have been provided as a bound, printed softcover and as copies organized in a 3-ring binder. The Student Experimental Log pages specific to each lesson included at the end of that lesson plan. Also referred to as “Experimental Log.”
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