Professional Development
Strategies for Implementing
Integrated STEM Education in
the Elementary Classroom




Professional Development

v' Recognize the need for elementary STEM

v Cultivate a vision for elementary STEM

v Understand problem/project-based learning
& assessment

v Develop STEM curriculum



Assumptions about STEM

» K-12 STEM = Integrated Science, Technology, Engineering,
and Mathematics

» Science - Discover and describe - A better .
understanding of life and the natural world (What is)

» Technology — Invent and innovate — The human-made
world - Improving the natural world

» Engineering — Control, modification, or design of
materials, processes, and systems (What could be)

» Mathematics -Symbolic language for representing
reality — (Making sense of thé world through numbers)

» 21st century economy will be increasingly driven by _
g:ﬁzrll:r\nbuhons that come from discoveries and innovations in



What We Need in Schools

» Improve the quality of STEM education and experiences;

» Promote engaged learning in STEM fields;

» Prepare teachers to deliver comprehensive STEM
education;

» Encourage individuals from underrepresented groups to
engage In the STEM disciplines; and,

>!cn<f(rjecse the number of students in STEM programs and
ields.




STEM in Elementary School

Call for Action

» Educational and political efforts are being made to improve students’
overall performance, attitudes, and aspirations to learn in STEM subjects

» School districts across the nation are implementing STEM programs in their
schools

» However, STEM programs are primarily targeted at middle and high
school grades

» Students have already decided by this point whether STEM subjects will

be of interest and regardless of program and are not likely to change
their minds

»In 2008 315 STEM programs were being implemented but only 3-4%
included elementary grades



Why STEM in Early Grades

» It is important that special attention and efforts be
given to students who are in critical grade levels
(Elementary) for developing dispositional attitudes
toward learning in STEM subjects

» Up to 50% of elementary students turn away from STEM
disciplines by 3 or 4" grade

» 29% of elementary teachers report teaching science
two or fewer days per week.
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Currently, Schools Tend to:

» Emphasize solving problems correctly
» Minimize creativity
» Focus on tests, grades, college admissions

» Reward factual competence and logical
thinking




What Needs to be Emphasized

» Critical thinking

» Problem solving abllifies

» Leadership and teamwork

» Ethics and responsibility

» Invention, iImagination, and ingenuity
» Communications




Quick challenge:

‘The Color Trader
Cooperative Learning Actlivity



Teacher Summary

At the conclusion of this activity, ask the teams to share their feam scores.

Typically, you will find that a number of the teams lost a significant amount
of money. This loss is caused by a lack of cooperation among the teams.
If all tfeams cooperated, each team would complete the activity with a
total of $40,000.

However, most of your teams will probably not complete the activity with
this total. This lack of cooperation between teams is very common. You
may wish to calculate the total amount of money that could have been
earned by the class if all feams had cooperated. The lesson: Cooperation
between competitors is not always a negative.

Too often, we teach students that in order to win, they must defeat their
competition—this is most often not frue in the “real-world”.



Atiributes of STEM

How does STEM work?

» Technological literacy

» Creativity, problem solving and real world application
» Creating real and relatable experiences for the student

» Shows the importance of the information being taught

» Relevant to the students’ world and perspectives
» Thinking tools (heuristics)

» The abllity to synthesize information

» Creating a body of content knowledge




Engineering Design Loop

» What is the Design Loop?
» The Design Loop is a tool

that helps make design
problem solving a more

effective learning tool for

stfudents
» A structure for thinking and
doing- the essence of Test and Evaluate
design problem solving Trythe sckution, and evakuste is
ability to solve the problem

» Designing is not a linear
process \
Create
Build your solution




Quick challenge: Spring Rockets
Repeatability and Accuracy

Questions: What items can you think of that use springs?
How many of those items are used more than once for the same purpose?

Challenge: How can you design a spring loaded rocked that can be used to hit a
specific target?

Materials: 1 spring from a pen, 1 straw, 1 candy stick, masking tape, sticky-tack, and a
cardboard base

Tools: writing utensils, scissors, protractors, and rulers

Is your design repeatable and accurate? Are your results consistent? What is the difference?



Strategies for
STEM Problem Solving

» How do your students approach a problem
where the answer Is unknown@e

» What steps do you take to solve a problem®e

» Are your students aware of heuristics used 1o
solve complex problemse




Problem-based learning
» Students develop a solution to a problem or fLJAl};{Q”N\Y
Issue

Project-based learning
» Students develop a tangible arfifact
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» Project/problem-based insfruction has become popular becouse of
its iImpact on student learning

» I is focused on experimental learning organized around the
investigation and resolution of messy, holistic, and real world
problems

» Creates alearning environment that facilitates deeper
understanding



Problem/Project Based Learning (PBL)

How does PBL work?

» Using ill-structured problems to increase personal responsibility for
learning

» Engaging students in math, science, technology and engineering at an
early age.

» Causing students to gather information, assess its validity, and provide
evidence o support decisions.

» Teaching and encouraging learning transfer
» Treating tfeamwork as an important outcome

» Most important - teaching occurs after, not before, students attempt to
perform —when students are ready 1o hear and grasp its value



Problem/Project Based Learning

Through PBL, students learn:

Problem solving skills
Self-directed learning skills
Ability to find and use resources
Crifical thinking

Measurable knowledge base
Performance ability

Social and ethical skills

Ability to work on a team

To become self-sufficient and self-
motivated

Facility with computer
Leadership skills

Communication skills

Proactive thinking

Congruence with workplace skills



Creating STEM Lessons

Stages in the Understanding by Design
(Backward Design) Process

Identify desired results

Determine acceptable evidence
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Plan learning experiences and instruction




From Content S’rondor.ds to Curlr.iceurlun
Using Engineering Design fo Deliv

[ essons

i3 aoe
iGN e n'-mﬁ ol
oRIFTHG e et w»\‘:l
Ro3eS=TL et
I WRITING THE FINAL DE SIGN BRIEF
s (|
vl assed’ WRITING THE FINAL DESIGN BRIEF (|
TR g 0
M‘ o Directions: After completing the “Dratting a Design Brief worksheet above, take | Title:
curfe eaweed* lime to crant the final design brief, The final design brief should inciuge the |
oarts ™ categories outlined below. Yoy vill note that these categories are loosely baseq |
e on the Understanding by Design (Wiggins ang McTighe) curricylum model, N
R\cuLU e winet Title: Use 3 calchy title the will attract the attention of students ang Provide a hint |8 STEM Content Standards:
70 CURE hent cnae althe task in front of the students.
“DNlDS pelive’ sgnis 2 o e Grade Level: Use slandards ang content knovdedge to determine the. |
Nt st l\mmn ° o5 aes“\ﬁ (eating oL T et appropriate grade leve| of the design brief. |
Coﬁ“,neg.m pioc® gence & mmﬂﬂ“ w0 ra:j',:"u"‘ STEM Content Standards: Identify content Standards from a5 many of the I
#ROM E o 5O o soene o Vol STEM elds as possibl, but gon o deliver everything known to humagiing I Big Ideas
Lsind oot ey ss eBn in ey Pror T o . ief
ot e cor® ¥ proce a0es AR EM. contett In one design brie; (2or3 slandards js enough) X . i
o impotaTT engine(G gesigh dea“;‘ﬁq ol ed S e a===* Big Ideas identify fhe major concept that will pe delivered through the design M|
(s uaesih gy maT oy erd® "o oded I et m\“‘{emm oo, on :‘,,.’ brief. It should be central to the STEN disciplines, hold the potential to engage |
wg‘;\ s (e‘gﬁz e gceﬁ“;"\:nw"wgfa @sg\ﬂw“m;g:::wq‘vc\hﬂg geveoP™ e *:‘f.aw“ 1siuclemsl, ind:nfe com onbl: m|sundgstoad r;glerfals and be important enough | Essontil Quest
o 2 s, el SO it at LA et or the students to remember when €y are 30 years of ssential Question:
o .“:fwl?f;.d V‘;ucesse;':gw. vf:g&?ofﬁﬁx\n- ‘E,:':w\a“m wrd % s Essential Question: What question or duestions will the student pe able to |
\3“ b :w"ww ne P hore “‘uies an “guh“f and @ N O35S e ke Y et answer after completing the design chaj 1 |
coiiar®y s\ﬁ“’“; quaty o mduﬂ'wzouﬁ d W oinS iy 10 9 s Scenario: Write an engaging scenario that sy caplure the attention ang
‘;,wo\\:;me( et me;m:aw (ated ‘em\aﬁ“ mﬂ“"eam anve it 1 gt Possibly intrigue the students. Fictiona) scenarios are entirely appropriate. A | Challenge:
STEM b SO e i inted @*:5 nave :’fus@';‘ rets °a R ® v 900d Scenario will place the students into the story of challenge
ek 18" nﬁ“?, 109U 0T et S, 06800 ok vig e e Challenge: In specific 1erms, identity exactly what the student teams are |
e o bre! ok 35 35 e o retS oV e 0™ e duired o 40 lo fully answer the challenge in the design pyjaf (ie., build a tower | )
o ‘ﬁ\m@“ B"’;?,es\ﬂ“ coﬂ‘“""‘., ";no p«o::wg\ws s = Mﬁ as tall as nossibif that will support the vieight of a golf baj using only the || Tools, Materials, ang Resources:
e he O il ~ ™ warte. materials availgpy le) [0
oeie B‘“‘:ﬁ.mﬁg;\‘:wwxu e e W7o -neﬁ?‘m\wmﬁn a T T Tools, Materials, ang Resources: Identify a) of e 100is and resources that vy ]
vl Gl a0l v;:‘m E esia® o yse oL e e su\g:;wmg .\ e et be availabie to the students as they attempt to soive the challenge. Try o keep I )
dem® w@reﬂdﬁ ne e olve i?-.vn‘“i;‘is ot <-°325\w§585 e e, 3 e ET %nﬂ”"‘ the list small, stugents pegg 10 know that in the york world, unlimited suppiies H Content information;
ety (ation o @ “ged‘,; s g ‘;me "“‘233“1 o m\g"):::‘ anstor™: Mm are rarely available ang there are benefis to solving Problems as efficiently as |
ne! w0 55 UST oot Ppossible
wnat S o f’*‘;%: uesw“dfn\sﬁ D‘:“"; “;‘aégnﬂa“e;;\aw o oie e Content information: Provide any content information and/or research materials | )
Tedh90% lood res e ge eI N easch. A e e A e that the students will need 1o a0, y Solve the design challenge. | Deliverables;
w,'dﬁ wuw“;" cnalend °‘“°‘c mau%wmsn\ G Psses® N o Del le ify what (exactly) the Students need to deliver o the teacher ||
provery ynalon L SoWNOT e it upon compietion of the design challenge (j e, what product, notes, journal, etc.). “
gven¥es o et B 20 prod nde srpd Parameters or constraints; 1dentify the boundaries for the students (maximym |
v‘?;\fu e anemae e iy 1082 5 an et Size, materials allowed, oy lastisiow, etc.). Think about alf of the ways that | Parameters or constraints:
f;‘ Deve e, B) wnicat® 110 88 e fro gents 027 ot Sludent creativity mighf jaxe their solution beyong your boundaries. |
mode/%y o WIS are °ed 1o 5‘”’;_ e S WP esign Evaluation; List, in speciic terms. how the students yyy be evaluated. A rubric i |
soltio: oS o A esion "‘;nmo“‘g e ve sl Send &4900d choice. Also remembey o evaluate the contributions of g team members |
ave 48400 creat g DAt (e ipetent S0 that one student jsp't jefy doing all of the work | Evaluation:
Mo Saorets 2e ik 1!3:“’3 4022 Conart 0.7 oo oot & west iy ||
2ty Ew:}amw‘“ e “";.a e o KOy D‘Q:ﬁne‘é Trated o™ L
e
o s a5 S
e e o™ oo
work Soring cored 2
et
e arch 0f 0% o sty
(e eets 3T
d o



7 Elements of a Good STEM Lesson/Project

1. Purpose and Relevance: Is it personally relevant to the studentse Does it provide a
certain level of infrigue? Does it cause the student to want to invest time and effort?

2. Time: Projects can last one class period or an entire term, but time must be provided to
research, plan, build, test, debug, retest, and communicate.

3. Complexity: The best STEM projects include content from all disciplines in STEM and the
connections between these content areas.

4. Intensity: Tap into that natural intensity that children exhibit when mastering a video
game, reading a new book from a series, etc.

5. Connection: Greaft projects or prompts force students to connect with other students,
people, and ideas (think Internet) with whom they might not naturally connect.

6. Communication: The big idea of PBL is the concept that the final solution must be
sh?rfed ?nd defended. This provides a great deal of motivation and a sense of
satisfaction.

7. Novelty: Perhaps the most important consideration in STEM. Few project ideas are so
profound that they can be used year after year with the same level of success with
students (think egg drop activity). If the teacher is bored with the ideq, students will be
bored with the idea.



Creating STEM Lessons - PBL

Six essential features for Problem/Project-based task:

1.

Have a clear purpose that specifies the decision that will be made
resulting from the assessment.

Focus be on process, product, or both

No simple right or wrong answers; they must be assessed along some
sort of confinuum.

Focus on degrees (e.g., quality, proficiency, understanding, efc.).
Try to reduce potential subjectivity in scoring.
Share scoring information with students early—as a guide



Developing Design Briefs

1. Make sure it delivers something important
(standards, big ideas, extension of a lesson or unit)

» But remember, it's not something fun to do after the lesson—it is the
lesson
2. Make sure it captures a big idea and answers an essential question (think
assessment)

Big idea filters

» Is it important enough to remember when the child is 302
» Does it have the potential to engage to childe
» Is it central to understanding the STEM content?



Developing Design Briefs

3. Develop a problem scenario

» Craft an engaging scenario that both captures the attention of the
child and engages them in solving an authentic problem

4. Develop content information.

» Using the standards and big ideas for the problem, develop content
information that promotes learning in science, fechnology,
engineering, and mathematics.

5. Develop boundaries for the problem (materials/resources, parameters,
deliverables)

6. Develop an authentic, performance-based assessment

/. Force students to use the Design Loop
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Children’s
Engineering

SCIENCE* TECHNOLOGY* ENGINEERING * MATHEMATICS
A Handbook for Elementary Educators

Problem Solvers
Critical Thinkers
Creative Thinkers
Decision Makers
Innovators

Self-confident Learners

ey

Applied Knowledge
Hands-on Leaming
Integrated Lessons
Differentiated Instruction
Cooperative Teams

Bridges Gaps Betwoen
Memorization & Understanding

by GwGER WHITING & MARCIA HiICKEY
Crionen's Encivezring Eoucatons, LLC 2009

Children’s Engineering

ScIENCE*+ TECHNOLOGY* ENGINEERING* MATHEMATICS

Beyond the Basics

Highlighting the T & E in STEM Education

Technology All Around Us
The Nature of Technology
Technology & Society
Design
The Designed World

Integrated Lessons
Everyday Connections
* Structures
* Systems

* History
* Symbols

Ready to Use Activities
Applied Knowledge
Critical & Creative Thinking
Hands-on Learning

by GINGER WHITING & MARCIA HICKEY
CHILDREN'S ENGINEERING EDUCATORS, LLC 2010




STEM Assessment

Common concerns
» Grading
» Group projects
» Content Expert
» Meeting the Standards
» Standardized testing
» Parental Questions/Concerns

Need to be able to access:
» Problem-solving
» Quality of work
» Creativity
» Creative use of materials
» Efficiency
» Collaboration
» Learning



Assessing Student Performance

» Team performance rubrics

» Journals and logs

» Engineering journals
» Digital or paper
» Analyfical writing

Checklist
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Did the design team
use the tools and
materials given as
directed to complete
the task?

Did the Teams
marionette puppets
operate adequately?

Did the team use
the Puppet Pal App
to draft the
marionette play?

| Did the team write
an effective
marionette play
script?
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Did the teams
marionette play
adequately illustrate
a historical event in
the community?

Did the feams” set
represent the
historical event
adequately?

Was the team piay
or presentation
effective?

Did all members of
the design team
contribute equally?




Performance-based Assessments

» Based in the “real world” = authentic assessment

» Must be linked to instructional objectives/standards

» Assessments, by themselves, are meaningful learning activities
» Specific behaviors/capabilities should be observed

» Measure complex capabilities/skills that can’t be measured
with pencil-and-paper tests

» Must focus on teachable processes

» Can specifically target procedures used by students to solve
problems

» Results in fangible outcome or product



Spring Into Action
Grade: 3

Unit: STEM - Force and Motion

STEM Content Standards:

Science

Next Generation Science Standards: PS2.A and
PS2.B, The effect of unbalanced forces on an object results in a change of motion. Patterns of motion can be used to predict
future motion. Some forces act through contact, some forces act even when the objects are not in contact. The gravitational
force of Earth acting on an object near Earth’s surface pulls that object toward the planet’s center.

Technology
Standards for Technological Literacy: Standard 2, Students will develop an understanding of the core concepts of
technology.

e B. Systems have parts or components that work together to accomplish a goal.

Engineering
Standards for Technological Literacy: Standard 9, Students will develop an understanding of engineering design.

e A The engineering design process includes identifying a problem, looking for ideas, developing solutions,

and sharing solutions with others.

Next Generation Science Standards: ETS 1-1, 1-2, 1-3, Define a simple design problem reflecting a need or a want
that includes specified criteria for success and constraints on materials, time, or cost; Generate and compare
multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the
problem; Plan and carry out fair tests in which variables are controlled and failure points are considered to identify
aspects of a model or prototype that can be improved.

Math

Common Core State Standards: Standard 2 MD.1, Measure the length of an object by selecting and using
appropriate tools such as rulers, yardsticks, meter sticks, and measuring tapes.

Common Core State Standards: Standard 2.MD. 10, 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 problems
using information presented in a bar graph.

English Language Arts

Common Core State Curriculum Framework. SL1 CCR Anchor Standard: Prepare for and participate effectively in
a range of conversations and collaborations with diverse partners, building on others’ ideas and expressing their
own clearly and persuasively.

Commeon Core State Curriculum Framework. SL4 CCR Anchor Standard: Present information, findings, and
supporting evidence such that listeners can follow the line of reasoning and the organization, development, and
style are appropriate to task, purpose, and audience.



http://www.uastem.com/downloads/

Contact us:

Vinson Carter — vcarterQuark.edu

Mike Daugherty - mkd03@uark.edu
Lindsey Swagerty — Imswager@Quark.edu



