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STEM STRATEGY IN ELEMENTARY SCHOOL . .

Overview

CISNC Introduction

In the 2014-2015 school-year, Communities In Schools of North Carolina (CISNC)
introduced a framework that aligns site and student metrics and interventions and
supports to four areas that have been shown to have the greatest impact on student
success: attendance, behavior, coursework, and parent involvement, or ABC+P. Both
combined and individually, attendance, behavior, and coursework are among the best
predictors of a student’s academic success and on-time graduation. While collecting data
around ABC+P is critically important to understanding the school and student, it is even
more important to use the data to drive high impact intervention and support delivery to
empower each student to reach their full potential. To this end, Communities In Schools of
North Carolina has partnered with the SERVE Center at the University of North Carolina at
Greensboro to design curricula specifically for CIS within the ABC+P framework to enhance
student outcomes in school and success in life. This document is one of more than 50
modules developed to support local CIS staff and most importantly the students that are
served. We encourage you to explore all of the modules available online at www.cisnc.org.

Using Evidenced-Based Strategies

There are a multitude of strategies that claim to address attendance, but there are few that
actually do so for all students. We suggest that schools use an evidence-based, decision-
making model to ensure that high quality information informs the decisions made.

The Institute of Education Sciences (IES) at the U.S. Department of Education defines
evidence-based decision making as routinely seeking out the best available information on
prior research and recent evaluation findings before adopting programs or practices that
will demand extensive material or human resources (including both funding and teacher
time) and/or affect significant numbers of students (Whitehurst, 2004).

Evidence-based practice means delivering interventions and supports to students (clients)
in ways that integrate the best available evidence from data, research, and evaluation;
professional wisdom gained from experience; and contextual knowledge of the particular
classroom, school, district, or state that might impact the design or implementation.

This document will focus on one easy to implement STEM strategy intended to engage
students and support science process skills; it can also be extended to link science and
language arts.

Problem/Rationale

Science, technology, engineering and math (STEM) skills are critical to the 21st Century
world we now live in. STEM drives everything around us, from the time we get up in the
morning to the time we go to bed at night. To have a place in today’s world, our young
people must have a strong background in these skills, and effective abilities to use them.
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. . STEM STRATEGY IN ELEMENTARY SCHOOL

Current information confirms the importance of STEM education. According to the US
Department of Commerce (Langdon, McKittrick, Beede, Kahn, & Doms, 2011), STEM is
where the jobs are—and STEM related jobs will grow by at least 17% over the next 10
years, compared to 9.8% for non-STEM related jobs. In addition, those in STEM related
occupations will earn 26% more than non-STEM workers, on average, and will experience
less risk of job loss. There is more at stake than our young peoples’ success. Reports
indicate that continued scientific leadership and economic growth in the United States is
linked to STEM (National Research Council, 2011). Yet, our students have lost ground.
Twenty-five years ago, the United States led the world in high school and college
graduation rates; today, the US ranks 20t and 16t. In addition, the World Economic Forum
ranks the U.S. as No. 48 in quality of math and science education. In 2013, only 42% of 4th
graders and 35% of 8th graders performed proficiently in math; in 2009, 34% of 4th grade
students and 21% of 12th grade students performed proficiently in science (National Math
and Science Initiative, 2014). To compete, and to ensure our students a place in the world
of the 215t century, we must provide them the advantage that a world class STEM education
offers.

Research tells us a great deal about what comprises effective STEM education. Broadly,
successful STEM education:
e Takes advantage of students’ early interests and experiences,
¢ Identifies and builds on existing knowledge, and
e Provides students with engaging experiences that involve them in the practices of
science and sustain their interest (National Research Council, 2011).

In such a setting, students are actively involved in STEM from the beginning of their
education. Teachers begin where students are and help them apply scientific and
engineering practices. Students carry out investigations and projects and gradually build an
understanding of core STEM ideas and practices that are shared across disciplines
throughout their education. Over time they assimilate core ideas and develop an identity as
STEM learners that prepare them for the challenges of post-secondary education (National
Research Council, 2011).

Research points to a set of key overarching ideas and practices that support effective STEM
education:

e C(Consistent standards and curriculum,

e Teachers who are well prepared to teach in their subject area,

e A supportive system of assessment and accountability that does not limit what is
taught based on assessment, and focuses on teacher practices as well as student
outcomes,

e Adequate instruction time across disciplines, and

e Equal access to high quality STEM learning opportunities.
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STEM STRATEGY IN ELEMENTARY SCHOOL . .

Research also identifies school practices that support effective STEM instruction:

e A supportive school culture and learning and teaching conditions,

e School leadership that drives change,

e High quality teachers and staff, capacity of staff to work together, and effective
professional development,

e A student centered climate that is safe, welcoming, stimulating and focused on the
learning of all students, and

e Support for instruction that incorporates the nature of the curriculum, academic
demands and challenges to instruction and the tools supplied to teachers (National
Research Council, 2011).

Districts and schools can examine their practice to incorporate these elements and provide
students with high quality STEM education.

Purpose

A strong grounding in science, technology, engineering and math is critical to assuring that
students will be successful in K-12 and beyond. Research tells us that STEM education can
and should begin in the elementary grades. From a report issued in 2011 by the National
Research Council, “According to the research, effective instruction actively engages
students in science, mathematics, and engineering practices throughout their schooling” (p.
18). The skills and interests that begin in the elementary schools years are the foundation
for critical education choices as students move into secondary education. The purpose of
this guide is to provide teachers with information and activities that they can use to engage
students and support science, technology, engineering and math learning.

Objectives: Students will use the Scientific Process to solve a problem.

Skills: Students will gather data, make inferences and draw a conclusion.

Implementation Plan

o Effective elementary STEM programs share the elements of strong leadership,
professional capacity among teachers, strong ties to parents and the community, a
student-centered learning climate, and instructional guidance for teachers. Out-of-
class activities, a standard-based curriculum, and program sustainability are key
characteristics as well.

e One way to motivate students and cultivate student interest in STEM subjects,
particularly among underrepresented groups, is to offer various extracurricular
activities to students. Such activities may include summer programs, after school
enrichment activities, science fairs or Olympiads, and other competitions.

e Asstated in a report released by Hanover Research: Professional
development is particularly important for elementary teachers involved in
STEM education, as research shows that these teachers typically do not
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. . STEM STRATEGY IN ELEMENTARY SCHOOL

receive enough undergraduate education in mathematics and science.
Furthermore, professional development for STEM teachers must be provided
over an extended period of time (p. 3).

Uses

Elementary teachers teach science best when they provide students with opportunities to
learn to observe and reason about the world. This lesson can help students develop the
scientific way of thinking necessary for science learning (Allen, 2006). Elementary school
students learn science best through hands-on activities that incorporate investigation and
inquiry/process skills (National Science Teachers Association, 2002).

Audiences
The primary audience for the lesson is third through fifth grades.

Activities
The activity highlighted is designed to provide students with a hands-on activity that
incorporates the scientific process. Teachers can use it to teach problem solving and critical
thinking, as well as other skills applicable in a variety of situations. It supports the North
Carolina State curriculum for Science as Inquiry.
e Vocabulary
Problem solving
Observation
Hypothesis
Data
Record
Conclusions

Materials/Equipment/Space

e Flip chart paper, Smartboard, or blank PowerPoint slide
e Educator guide - “What’s Hidden Inside?” - refer to Resources Section for link
e Student activity sheet - “What’s Hidden Inside?” - refer to Resources Section for link
e Tape
e Scissors
e Small paper bags
e Wooden skewers
e Safety glasses
Time

e Preparation Time: 10 minutes
e Lesson Time: 30 minutes
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Lesson Plan of Activity

The scientific process is a key tool that can be used across STEM areas. Using the scientific
process, students develop a range of skills, including observing, communicating, inferring,
predicting, investigating that can be generalized to problems across disciplines. Using the
activity below, teachers can not only help students learn to apply this process, but also help
them to understand the role clear written communication plays in STEM.

Sample Lesson - “What’s Hidden Inside?”

Activity

Process Notes

Teacher preparation

Prior to the lesson:

e  Review the “What’s Hidden Inside?” educator
guide. Retrieve
from: http://www.nasa.gov/pdf/146856main
Hidden Inside Educator.pdf

e Read NASA’s KSNN™ 21st Century Explorer Web
Text Explanation titled “Why do robots travel
places before people?” Retrieve
from: https://education.jsc.nasa.gov/explorers/
p6.html. Note: This link replaces link included in
the “What’s Hidden Inside?” lesson document.

e  Review NASA video “Why do robots travel places
before people?” Retrieve
from: https.//archive.org/details/ksnn 21st cen
tury explorers 6

e  Download student handout, “What’s Hidden
Inside?” Retrieve
from: https://www.nasa.gov/pdf/146857main

Hidden Inside Student.pdf
e (Gather other materials for activity.

The day prior to the activity give students a small

paper bag and provide instructions for the activity.

Students will:

e C(Collect a small, common object from home to
place in the bag.

e  Write their name on their bag and fold the top
over.

e Prepare two clues about what’s in the bag and
record on an index card.

e Notreveal to other students the contents of
their bag.

Each student should be given a small paper bag and
instructed to place a small, common object from
home in the bag (e.g. a comb, cup, marker, eraser,
spoon, etc.).

Teacher may want to have some items on hand in
case some students forget to bring in their bag with
the object.

The day of the lesson provide a central collection
place for the bags.

Make sure students have recorded their names on
their bag.

Tape the bags shut.
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Activity

Process Notes

Introduce concepts of scientific method

Follow the Instructional Procedures in the “What’s
Hidden Inside?” educator guide.

Introduce the activity using the material found in the
Resources section. Share the NASA video

at https://archive.org/details/ksnn 21st century ex
plorers 6 “Why do robots travel places before
people?” to engage students and increase student
knowledge about this topic (Instructional Procedure
#1).

Remind students about properties such as weight,
shape, texture, sound, odor, appearance, etc.

Review the problem with students - how can I
determine what is in the bag?

Tell students: “During this activity, we will solve a
problem using the scientific method. Our problem is,
How can I determine what’s hidden inside the bag?”
(Instructional Procedures #2 and #3).

Students should work in small groups.

Provide the student handout, “What’s Hidden
Inside?” the Bag?

Have student read the Observation section of the
student handout, “What’s Hidden Inside?” with
students. Retrieve

from: https://www.nasa.gov/pdf/146857main Hid
den Inside Student.pdf

Give students about 5 minutes to discuss it. Ask
students for comments (Instructional Procedure #4).

Students will make observations about the topic.

Use flip chart paper, smartboard, or PowerPoint
slide to record student observations.

Encourage your students to discuss and make
observations about the topic by completing the first
two columns in the KWL (KNOW/WANT TO
KNOW/LEARNED) chart on the “What’s Hidden
Inside?” student section. Use the KWL chart to help
students organize prior knowledge, identify interests,
and make real-world connections. As students
suggest information for the “KNOW” column, ask
them to share how they have come to know this
information (Instructional Procedure #5).

Help students refine their predictions into a
hypothesis. Encourage students to share their
hypothesis with their group.

Ask your students if they have predictions relating to
this activity and the “problem question”, Help them
refine their predictions into a hypothesis. In their
Student Section, they should restate the “problem
question” as a statement based upon their
observations and predictions (Instructional
Procedure #6).
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Activity

Process Notes

Students will work in pairs to test their hypothesis
after sharing them with their group.

Detailed procedures for the student observations/
investigation are included in the educator guide.

Show an example of a completed worksheet.

Tell students, “You will work in pairs to test your
hypothesis. Use your senses to gather information
about the properties of what'’s inside the bag.
Investigate the properties that you listed in the data
chart one at a time.”

Remind students again of possible properties.

Conduct whole group brainstorm what senses can be
used to gather information about these properties;
how to use their senses without opening the bag; and
how these might help them discover what is in the
bag.

Using the scientific method to test a hypothesis.

Provide each student with a sealed bag and have
them:

o Follow the test procedures (11 steps) on their
handout

e Complete their data sheet

Provide step by step procedures for testing the
hypothesis (Instructional Procedure #7).

Pace students to ensure they are on task.
e  (Collecting data

e  Recording properties

e  Studying their data

e  Drawing conclusions

Ask probing questions throughout the activity about
their observations, discoveries in using senses, and
changes in predictions and what caused their
changes in thinking?

Whole group discussion.

Discuss the answers to the “What’s Hidden Inside?”
student section questions.

Have the students update the LEARNED column in
their KWL chart.

This activity can be extended to incorporate a
language arts component.

Refer to links under additional resources in the
Resources section.

Lesson adapted from the NASA “What’s Hidden Inside” lesson. Retrieved

from: http://www.nasa.gov.
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Tier 2 Intervention and Support Examples

While typical classroom activities such as the one detailed in this guide will be effective for
many students, some may need additional support. Computer Assisted Instruction and Peer
Tutoring are two strategies that can help struggling students.

Example 1: Computer Assisted Instruction (CAI)

Computer Assisted Instruction uses technology to either supplement or replace traditional
classroom instruction. Research shows that it is a useful tool, as well as a cost efficient
means to provide students who are struggling with support to help them make academic
gains, particularly in math. Some research suggests that the individualized instruction and
pacing offered by CAI may account for this. In addition, CAI can reduce the effects of
frequent absences and larger classes that reduce the instructional time students receive.

Barrow, L. & Rouse, C. (2007). Technology's edge: The educational benefits of
computer-aided instruction. Chicago, IL: Federal Reserve Bank of Chicago.
Retrieved from: http://eric.ed.gov/?id=ED505645

Example 2: Peer Tutoring

Peer tutoring pairs low performing students with high performing students on a one to one
basis to practice or complete academic tasks. The research on peer tutoring supports the
practice. Students in a peer tutoring relationship make academic gains including
improvements in math and reading performance. Peer tutoring also promotes higher order
thinking and accommodates the diverse student needs in a classroom. In addition, peer
tutoring has a positive impact on motivation and students’ social skills.

Nguyen, M. (2013). Peer tutoring as a strategy to promote academic success. Durham,
NC: Duke School Research Partnership Office, Center for Child and Family
Policy. Retrieved
from https://childandfamilypolicy.duke.edu/pdfs/schoolresearch/2012 Poli
cyBriefs/Nguyen Policy Brief.pdf
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Resources

The following resources are identified as part of the activity. Read through these resources
carefully to become familiar with any concepts and instructions as they pertain to the
content and activity.

National Aeronautics and Space Administration (NASA) - http://www.nasa.gov/
e “What's Hidden Inside?” educator lesson
guide http://www.nasa.gov/pdf/146856main Hidden Inside Educator.pdf
¢ “Why Do Robots Travel Places Before People?” article
https://education.jsc.nasa.gov/explorers/p6.html. Note: This replaces link listed in
“What’s Hidden Inside?” lesson document.
e “What’s Hidden Inside?” student handout

https://www.nasa.gov/pdf/146857main Hidden Inside Student.pdf

The following resources will provide additional information and suggestions for enhancing
STEM in the classroom. Read through the resources carefully to become familiar with any
concepts and instructions as they may pertain to the content and the extension of activities.

Holmaquist, S. (2014). A multi-case study of student interactions with educational
robots and impact on Science, Technology, Engineering, and Math (STEM)
learning and attitudes. (Dissertation). Retrieve
from: http://scholarcommons.usf.edu/cgi/viewcontent.cgi?article=6239&context=
etd

NASA - http://www.nasa.gov/
NASA Mars and Earth Educator’s Guide
http://www.nasa.gov/pdf/145913main Mars.and.Earth.Guide.pdf
Robotics activities from NASA
http://robotics.nasa.gov/edu/rover.php
Information on robots from NASA
http://prime.jsc.nasa.gov/ROV/

STEM-Works - http://stem-works.com/
Video describes the work of a Robotics engineer for students.
http://stem-works.com/subjects/1-robotics/cool jobs/357
Articles on robots and robotics.
http://stem-works.com/subjects/1-robotics

Arizona State University - http://www.asu.edu/
Additional information and lesson plans on Mars - http://marsed.asu.edu/stem-

lesson-plans
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North Carolina Extended Essential Standards: Science - http://www.dpi.state.nc.us/
K-2 Extended Standards
http://www.dpi.state.nc.us/docs/acre/standards/extended/science/k-2.pdf
3-5 Extended Standards
http://www.dpi.state.nc.us/docs/acre/standards/extended/science/3-5.pdf

The following optional resources provide additional information and concepts, or may be
used in sharing with others or to expand the activity. Read through these resources to
become familiar with the information and to determine their of usefulness within the
school setting.

Robotics projects ranging from beginner to hard.
http://www.sciencebuddies.org/science-fair-projects/Intro-
Robotics.shtml?from=Blog

Short physics activities. Videos available.
http://www.iop.org/education/teacher/extra resources/stem/file 60283.pdf

Free engineering curriculum from the Boston Museum of Science.
https://www.youtube.com/watch?v=hHtEbwIxDec&noredirect=1

Videos of STEM Projects.
https://www.teachingchannel.org/videos /teaching-stem-strategies

STEM related projects from NASA. Projects incorporate most STEM disciplines, as
well as some language arts.
http://spaceplace.nasa.gov/classroom-activities/en/

Minecraft Challenges
http://stem.wesfryer.com/home/minecraft/redstone

Note: All posters, images, and activity guides identified are copyright cleared for non-
commercial use.
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Measuring Success

Identifying outcomes and collecting data to measure the success of PBIS strategies can help
the school track quality of implementation as well as the effectiveness of these strategies.
Following are some suggestions that schools may find useful to begin measuring success.

e Assess student knowledge through questioning.

e Assess student understanding through observation during the activity and
application of the scientific method during other assignments.

¢ Observe and assess student performance throughout the activity using the Scientific
Investigation Rubric included in “What’s Hidden Inside?” educator guide.

.
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Appendix A: Glossary

21st Century SKills - The term 21st century sKills refers to a broad set of knowledge,
skills, work habits, and character traits that are believed—by educators, school reformers,
college professors, employers, and others—to be critically important to success in today’s
world, particularly in collegiate programs and contemporary careers and workplaces
(Great Schools Partnership, 2014).

Achievement Gap - Closely related to learning gap and opportunity gap, the term
achievement gap refers to any significant and persistent disparity in academic performance
or educational attainment between different groups of students, such as white students
and minorities, for example, or students from higher-income and lower-income households
(Great Schools Partnership, 2014).

Authentic Instruction - In education, the term authentic instruction refers to a wide
variety of educational and instructional techniques focused on connecting what students
are taught in school to real-world issues, problems, and applications.

Computer assisted Learning - Computer assisted instruction uses technology to either
supplement or replace traditional classroom instruction. Research shows that it is a useful
tool, as well as a cost efficient means to provide students who are struggling with support
to help them make academic gains, particularly in math.

Cooperative Learning — Cooperative learning is a successful teaching strategy in which
small teams, each with students of different s of ability, use a variety of learning activities
to improve their understanding of a subject.

Engineering method - The engineering approach to identifying and solving problems, is
(1) highly iterative, (2) open-ended, in that a problem may have many possible solutions,
(3) a meaningful context for learning scientific, mathematical, and technological concepts,
and (4) a stimulus to systems thinking, modeling, and analysis. In all of these ways,
engineering design is a potentially useful pedagogical strategy K-12. Engineering habits of
mind2 are aligned with what many believe are essential skills for citizens in the 21st
century.3 These include (1) systems thinking, (2) creativity, (3) optimism, (4)
collaboration, (5) communication, and (6) ethical considerations (Katehi, Pearson, & Feder,
2009).

Embedded Assessment - Embedded assessment is also called formative assessment. It
takes place throughout a lesson or unit to assess student progress, and is used to determine
skills students have mastered and where they may need support.
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Hypothesis - In science, a hypothesis is an idea or explanation that you then test through
study and experimentation. Outside science, a theory or guess can also be called a
hypothesis. A hypothesis is something more than a wild guess but less than a well-
established theory (“Hypothesis,” n.d.).

Integrated Learning - Refers to an instructional design that incorporates a range of
teaching, learning and technological strategies. E.g., Students may work individually, in
small groups, in large groups or whole class. Teachers may use direct instruction, distance
learning, hands-on activities and a range of other strategies.

Opportunity Gap - Closely related to achievement gap and learning gap, the term
opportunity gap refers to the ways in which race, ethnicity, socioeconomic status, English
proficiency, community wealth, familial situations, or other factors contribute to or
perpetuate lower educational aspirations, achievement, and attainment for certain groups
of students (Great Schools Partnership, 2014).

Peer Tutoring - Peer tutoring pairs low performing students with high performing
students on a one to one basis to practice or complete academic tasks.

Process sKills - Process skills support learning and are essential to scientific
investigations. They are observing, communicating, measuring, comparing, contrasting,
organizing, classifying, analyzing, inferring, hypothesizing and predicting.

Project Based Learning - Project-based learning refers to any programmatic or
instructional approach that utilizes multifaceted projects as a central organizing strategy
for educating students. When engaged in project-based learning, students will typically be
assigned a project or series of projects that require them to use diverse skills—such as
researching, writing, interviewing, collaborating, or public speaking—to produce various
work products, such as research papers, scientific studies, public-policy proposals (Great
Schools Partnership, 2014).

Relevant - In education, the term relevant typically refers to learning experiences that are
either directly applicable to the personal aspirations, interests, or cultural experiences of
students (personal relevance) or that are connected in some way to real-world issues,
problems, and contexts (life relevance) (Great Schools Partnership, 2014).

Scientific inquiry - "The diverse ways in which scientists study the natural world and
propose explanations based on the evidence derived from their work. Scientific inquiry
also refers to the activities through which students develop knowledge and understanding
of scientific ideas, as well as an understanding of how scientists study the natural world."
(National Academies Press, 2015, p. 23)
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STEM STRATEGY IN ELEMENTARY SCHOOL . .

STEM (Science, Technology, Engineering, Math) Education - Is an infusion of Science,
Technology, Engineering, and Mathematics through project-based learning to understand
complex problems and to prepare our next generation of innovators (North Carolina
Department of Public Instruction, n.d.)

Student Centered Learning - The term student-centered learning refers to a wide variety
of educational programs, learning experiences, instructional approaches, and academic-
support strategies that are intended to address the distinct learning needs, interests,
aspirations, or cultural backgrounds of individual students, and groups of students. To
accomplish this goal, schools, teachers, guidance counselors, and other educational
specialists may employ a wide variety of educational methods, from modifying assignments
and instructional strategies in the classroom to entirely redesigning the ways in which
students are grouped and taught in a school (Great Schools Partnership, 2014).

School climate/culture - The term school culture generally refers to the beliefs,
perceptions, relationships, attitudes, and written and unwritten rules that shape and
influence every aspect of how a school functions, but the term also encompasses more
concrete issues such as the physical and emotional safety of students, the orderliness of
classrooms and public spaces, or the degree to which a school embraces and celebrates
racial, ethnic, linguistic, or cultural diversity (Great Schools Partnership, 2014).

Student Engagement - In education, student engagement refers to the degree of attention,
curiosity, interest, optimism, and passion that students show when they are learning or
being taught, which extends to the of motivation they have to learn and progress in their
education (Great Schools Partnership, 2014).
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