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Professional Development

� Recognize the need for elementary STEM

� Cultivate a vision for elementary STEM

� Understand problem/project-based learning 

& assessment

� 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 the world through numbers)

� 21st century economy will be increasingly driven by 
contributions that come from discoveries and innovations in 
STEM



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,

� Increase the number of students in STEM programs and 
fields.



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 3rd or 4th grade

�29% of elementary teachers report teaching science 
two or fewer days per week.



The Ingenuity Gap



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 abilities

�Leadership and teamwork

�Ethics and responsibility

�Invention, imagination, and ingenuity

�Communications



Quick challenge:

‘The Color Trader’
Cooperative Learning Activity



Teacher Summary

At the conclusion of this activity, ask the teams to share their team 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 teams 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 teams 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 true in the “real-world”.



Attributes 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 ability 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 
students

� A structure for thinking and 
doing- the essence of 
design problem solving

� Designing is not a linear 
process



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?

�What steps do you take to solve a problem?

�Are your students aware of heuristics used to 
solve complex problems?



Problem-based learning
�Students develop a solution to a problem or

issue

Project-based learning
�Students develop a tangible artifact 

� Project/problem-based instruction has become popular because of 
its impact on student learning 

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

� Creates a learning 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 to support decisions. 

� Teaching and encouraging learning transfer

� Treating teamwork as an important outcome

� Most important - teaching occurs after, not before, students attempt to 
perform – when students are ready to 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

� Critical 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

Plan learning experiences and instruction



From Content Standards to Curriculum
Using Engineering Design to Deliver 

Lessons



7 Elements of a Good STEM Lesson/Project

1. Purpose and Relevance: Is it personally relevant to the students? Does it provide a 
certain level of intrigue? 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: Great 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 
shared and 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 idea, 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.

2. Focus be on process, product, or both

3. No simple right or wrong answers; they must be assessed along some 

sort of continuum.

4. Focus on degrees (e.g., quality, proficiency, understanding, etc.).

5. Try to reduce potential subjectivity in scoring.

6. 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 30?

� Does it have the potential to engage to child?

� 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, technology, 
engineering, and mathematics.

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

deliverables)

6. Develop an authentic, performance-based assessment

7. Force students to use the Design Loop



Recommended Reading



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

� Analytical writing

�Checklist

�Models / Prototypes 

�Cooperative learning

�Presentations



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 tangible outcome or product





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