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 Dixie State University 
Department of Education  

EDUC 5040 
Matter in STEM Education 

Spring 2018 
 

Instructor:  Pamela Cantrell, Ph.D. Office Hours: by appointment 
Office:  202A WEDU    Classroom: 202 WEDU 
Office phone: 435-879-4260                          Email:  cantrellp@dixie.edu 

 
DSU Department of Education Program Standards: 

 

Mission Statement 
The mission of the Department of Education is to create learning experiences 
for its candidates that foster collaboration, professionalism and competence 
in content and pedagogical knowledge. Through the integration of 
leadership, scholarship, reflection, and community partnerships, the 
Department prepares its candidates to be outstanding teachers within 
diverse and changing communities.   

DSU Program Standards/ Utah Effective Standards 
(The standards listed below incorporate national (CAEP), state standards (UETS) and Dixie State University core 

themes of learning, engagement and opportunity) 
The Learner and Learning –  

Standard 1: Learner Development – The teacher understands cognitive, linguistic, social, emotional, and 
physical areas of student development.  
Standard 2: Learning Differences – The teacher understands individual learner differences and cultural 
linguistic diversity 
Standard 3: Learning Environment – The teacher works with learners to create environments that support 
individual and collaborative learning, positive social interactions, active engagement in learning, and self-
motivation 

Instructional Practice –  
Standard 4: Content Knowledge – The teacher understands the central concepts, tools of inquiry, and 
structures of the discipline. 
Standard 5: Assessment – The teacher uses multiple methods of assessment to engage learners in their own 
growth, monitor learner progress, guide planning and instruction, and determine whether the outcomes 
described in content standards have been met.  
Standard 6: Instructional Planning – The teacher plans instruction to support students in meeting rigorous 
learning goals by drawing upon knowledge of content areas, Utah Core Standards, instructional best practices, 
and the community context.  
Standard 7: Instructional Strategies – The teacher uses various instructional strategies to ensure that all 
learners develop a deep understanding of content areas and their connections and build skills to apply and 
extend knowledge in meaningful ways. 

Professional Responsibility –  
Standard 8: Reflection and Continuous Growth – The teacher is a reflective practitioner who uses evidence to 
continually evaluate and adapt practice to meet the needs of each learner.  
Standard 9: Leadership and Collaboration – The teacher is a leader who engages collaboratively with learners, 
families, colleagues, and community members to build a shared vision and supportive professional culture 
focused on student growth and success.  
Standard 10: Professional and Ethical Behavior – The teacher demonstrates the highest standard of legal, 
moral, and ethical conduct as specified in Utah State Board Rule R277-515 
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COURSE DESCRIPTION 

This course provides teachers with a deep and useful understanding of matter and the nature 
of how students use concepts of matter to make sense of phenomena across life, earth, and 
physical science. This understanding enhances teacher insights into: 1) how matter and energy 
interact, 2) the relationships of matter to forces and interactions within fields, and 3) 
pedagogical content knowledge around teaching and learning about matter. The course 
provides course participants with knowledge of how matter concepts may be used by students 
with the Crosscutting Concepts, and Engineering and Science practices as outlined in the Next 
Generation Science Standards. 

PREREQUISITES 

Admission to the Washington County School District and Dixie State University STEM Endorsement 
Program.   

COURSE OBJECTIVES AND OUTCOMES  

This course is designed with the expectation that every teacher who possesses the desire and drive can 
be successful at meeting the following outcomes: 

Course Learning Outcomes 
UETS 

Standard(s) 
Addressed 

Corresponding Course 
Assessment 

1. Content Knowledge: Develop a conceptual understanding of the 
characteristics, nature, and behavior of matter under different 
conditions.  

a. Describe and predict the states and properties of matter 
based on interactions, and motions of atoms within 
matter. 

b. Demonstrate conservation of matter in chemical 
reactions.  

c. Use empirical evidence to develop scientific knowledge 
regarding the interaction of matter and energy. 

 

4 4 Content Mastery 
Projects; Lesson Plan; 
Lesson 
 
Note: Full descriptions of 
assignments for course 
assessment are found 
starting on p. 5. 

2. Cross Cutting Concepts: Demonstrate pedagogical content 
knowledge relative to four of the Crosscutting Concepts found in 
the Next Generation Science Standards: 

a. Explain that stability and change are present in all natural 
and built systems.  

b. Specify boundaries of a systems and build an explicit 
model of that system (system and system models). 

c. Track fluxes of energy and matter into, out of, and within 
a system. 

d. Investigate and explain causal relationships and 
mechanisms by which they are mediated. (Cause and 
effect). 

4 4 Crosscutting Concepts 
Vignettes; Lesson Plan; 
Lesson Reflections;  

3. Explore and implement innovative, research-based, engaging 
curriculum and assessment, especially around the Utah Core 
academic standards and college and career readiness, geared 
towards increasing student achievement. 

3, 4, 5, 6, 7 Lesson Plan; Lesson 
Reflection; Assessment 
Module; Content Mastery 
Projects; Crosscutting 
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a. Apply the disciplinary core ideas when planning lessons 
and teaching. 

b. Use crosscutting concepts when planning lessons and 
teaching. 

c. Implement scientific practices and engineering design into 
lesson planning and teaching.  

d. Implement a variety of assessments into lesson planning 
and teaching. 

Concept Vignettes; 
Research & Writing 
Module 

 
REQUIRED TEXT AND MATERIALS: 
 
Purchase a 7-3/4”x9-1/2” grid paper composition book and a 6” ruler and bring them to class every day. 
 
Trefil, J. & Hazen, R. (2013) The sciences: An integrated approach, 7th Edition. Hoboken, NJ: John Wiley & 

Sons, Inc. 
You will also want the following two documents available, either hard copy or downloaded to your 
laptop (Note—if you participated in the SIP grant, you have a copy of the Framework):   

1) A Framework for K-12 Science Education (National Research Council)  
https://download.nap.edu/login.php?record_id=13165&page=%2Fdownload.php%3Frecord_id%3D131
65  
3) Utah Science Core for your grade level http://www.schools.utah.gov/CURR/science/Core.aspx 
 
OTHER RESOURCES: 
 Professional Journals 

 The Science Teacher     
 Science Scope 
 Journal of Research in Science Teaching 
 Science Education 
 Journal of Engineering Education 

 Professional Websites 

 National Science Teachers’ Association  http://www.nsta.org/ 
 School Science and Mathematics Association http://www.ssma.org/ 
 Utah State Department of Education  http://www.usoe.k12.ut.us/ 
 Engineering, Go For It (eGFI)   http://www.egfi-k12.org/ 
 Teach Engineering  https://www.teachengineering.org/whyk12engr.php 
 Center for Innovation in Engineering and Science Education (CIESE)

 http://www.k12science.org/materials/resources/engineering/ 
 

ATTENDANCE AND PUNCTUALITY 

Regular attendance and punctuality is expected and is included as part of your grade. Your 
participation in discussions and activities is crucial to understanding course concepts and building a 
community of learners in the classroom. In addition, participation and attendance are essential and 
related to matters of motivation, interest, and your sense of responsibility, professionalism, and 
commitment to teaching and learning. Two absences will result in reducing your final grade by half a 
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grade point (from an A to an A-) and each successive absence will result in a decrease of one half a grade 
point.  Exceptions can be negotiated with the professor. 
 
Punctuality is also expected and reflects your professionalism as well as your regard for others—
including your instructor and your peers. Please note that leaving class early also impacts your ability to 
participate fully in class and is, therefore, considered the same as being tardy. Three tardies will be 
treated as one absence and tardiness that exceeds 20 minutes will be counted as an absence.  

ASSIGNMENTS 

Assignments have been carefully developed to support your learning as you move through this course 
and work to achieve the outlined goals and objectives.  

You will be completing various types of assignments/projects for this course. Some of these learning 
activities will be completed individually, while others are assigned as group work. This variety reflects 
my personal teaching philosophy that different kinds of learning activities and assessment tools and 
activities should be used to evaluate students’ understanding and knowledge, and that students should 
also be encouraged to work both independently and cooperatively.  

Requirements for Written Assignments.   
All written assignments must conform to the Publication Manual of the American Psychological 
Association (6th edition) guidelines for style, format (with some exceptions as noted below), 
grammar, citations, references, and so forth.  

a) All papers are to be typed in BLACK ink with page numbers on the right and your first and last 
name on the left contained in a header on every page (unless otherwise indicated for specific 
assignments).   

b) Font size is to be 12 pt Times New Roman or Calibri only.  
c) Correct spelling and Standard English usage are expected.  Papers with five or more errors will 

be returned ungraded for a rewrite.  
d) Resubmitted papers.  Should the instructors indicate that a rewrite of a paper is necessary, the 

new paper is due the next class period after the original paper is returned.  The rewritten 
paper must include (1) the revised paper, and (2) the original paper with rubric/score sheet.   

 
Due Dates. Assignments are to be submitted on or before the date in the course syllabus.  Should an 
emergency occur in your life, talk with the professor prior to the time the assignment is due.  

**No late assignments will be graded!**  Please understand that all assignments/projects must be 
submitted on or before the due date to receive a grade. Additionally, please note that no assignments 
may be omitted in order to receive a passing grade for the course. All assignments (late or otherwise) 
must be turned in on or before the day of the final whether or not you will receive points for them. 
Assignments turned in after the final will not count! 

GRADING AND ASSIGNMENTS 

Total points for all of the assignments, projects, professionalism, preparation, and exams together will 
be calculated as a percent (%) and course grades will be assigned as follows: 

A   = 95-100% 

A-  = 90-94% 

B+ = 87-89% 

B  = 84-86% 

B-  = 80-83% 

C+ = 77-79% 

C = 74-76% 

C-  = 70-73% 

D+ = 65-69% 

D  = 64-66% 

D- = 60-63% 

F  = below 60% 
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It is the responsibility of the student to verify that all grades have been correctly placed into CANVAS by 
the instructor. Monitor CANVAS weekly and notify the instructor immediately, if you are missing a grade 
or have received an incorrect grade.  Save tests, quizzes, and other assignments to verify your claims. 
Grades will not be changed without proof of instructor oversight or error, and no grade can be changed 
once final grades have been entered. 
 
Assignment List 

Assignments  Points 

Science Content Mastery 200 
Crosscutting Concepts Mastery 200 
Integrative STEM Assessment Module 200 
Research & Writing Module 200 
Lesson Plan 100 
Lesson Reflection 50 
Professionalism   100 
TOTAL 1050 

 

Assignment Descriptions 

Science Content Mastery (4 Projects @50 points each).  There is great flexibility in this assignment; 
however, two projects must be individual effort and two must be group effort.  Within your workgroup, 
decide on 4 projects that will demonstrate mastery of the science concepts as expressed in the Student 
Learning Outcomes above or related concepts regarding matter.  At least two of the four projects must 
show adult level mastery and the remainder may be projects you can take into your classroom for your 
own students.  Possibilities include 1) responses to readings in the Trefil text recorded in your journals; 
2) a WebQuest for your classroom; 3) intense study of a concept area that you need more practice with 
documented by a list of web sites you visited and ideas that were made clear to you; 4) building a model 
with predictive power that illustrates a matter-related concept.  Submit a proposal outlining your four 
projects on the date listed in the Course Schedule. 

Crosscutting Concepts Mastery (4 Vignettes @ 50 points each). The focus of this assignment is for you 
to develop and demonstrate Pedagogical Content Knowledge (PCK) relative to the four crosscutting 
concepts outlined in the Student Learning Outcomes above.  We will discuss PCK in class so you will 
better understand what you will need to demonstrate in this assignment.  Background information on 
the crosscutting concepts will be provided in class. Decide on or develop 4 compelling phenomena (see 
video on QR page) appropriate for any grade level.  For each phenomenon, create a vignette of how you 
will explicitly teach the appropriate crosscutting concepts during the presentation and investigation of 
the phenomenon.  Include any number of crosscutting concepts that might fit with each phenomenon, 
but the major focus should be on one of the four featured crosscutting concepts listed in the Student 
Learning Outcomes above.  Your understanding of PCK should be evident in each vignette.  To 
summarize, your workgroup will be submitting 4 vignettes. Each vignette will describe one 
phenomenon, how you will introduce it to your students, and how you will guide them through 
investigating the phenomenon using appropriate crosscutting concepts made explicit.  Each vignette will 
specifically feature one of the 4 crosscutting concepts selected for this semester along with any other 
appropriate crosscutting concepts. 

Integrative STEM Assessment Module (200 points).  Your workgroup will produce a list of 40 
assessment strategies appropriate for use in integrative STEM lessons.  A template for this assignment is 
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found on Canvas.   The focus is on strategies that assess more than one of the STEM disciplines 
simultaneously.  For example, building a model such as a catapult could assess aspects of the science 
concepts of force and motion, the technology concept of using a tool, the engineering concept of solving 
a human problem, and the mathematical concept of measurement.   

Research and Writing Module (200 points). Your workgroup will select a book to read from the list 
below.  Each person will read the entire book and come prepared to discuss in class different sections 
according to a schedule set by your group.  You will select 3-4 major ideas from the book to address in a 
paper.  For each idea, you will explain what was learned about the idea, how it affected your thinking in 
terms of STEM teaching, and how you might integrate that idea into your STEM teaching practice.  Think 
about this assignment as worth 100 points for the reading and 100 points for the paper.  You will be 
asked to disclose whether or not you read the entire book. 

Select one:  

 Science For All Americans by James Rutherford & Andrew Ahlgren 

Why Science? By James Trefil 

Ready, Set, Science! Published by the National Research Council. Note: if you took Elementary 
Science Methods from Nancy Hauck and this was your text, you are disqualified from selecting it 
for this assignment. 

The paper for this assignment is due as the final exam on April 23.  Each workgroup will present their 
paper in a 15-minute presentation using PowerPoint, Prezi, or other presentation software.  

Lesson Plan (100 points).  One integrative STEM 5E lesson plan is required for this class.  A template will 
be provided for you to use. The lesson plan must demonstrate strong teacher content knowledge in 
concepts related to matter, PCK in crosscutting concepts, and strong assessment strategies throughout 
your lesson.  Your lesson plan may be submitted for scoring anytime during the semester but no later 
than April 2. 

Lesson Reflections (50 points). After you have taught your lesson plan, you will complete a self-
evaluation worth 50 points.  The Lesson Reflection Template is found on Canvas.  Your reflection is due 
the Monday after you teach your lesson but no later than April 16. 

Professionalism (100 points).  Teaching is a profession, and as such, demands a professional demeanor. 
The professor owns these points and will award them based on the degree of professionalism you 
exhibit in class.  Full points will be awarded to those who participate fully and are prepared, attentive, 
punctual, positive, and courteous.   The professor is appreciative of good humor, happy dispositions, a 
good work ethic, and good manners.  The professor is not appreciative of eye-rolling, unreasonable 
dickering over a point or two on a score, or an attitude of disinterest when class discussions are in 
progress. 
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TENTATIVE COURSE SCHEDULE 

While a good faith effort is made to schedule the content, learning activities, and due dates for 
assignments in advance, it may be necessary to make adjustments to our schedule as we proceed 
through the semester.  Due consideration to student needs will be given before adjustments are made.   
 

DATE CLASS Readings Due 

Week 1 
1/8 

Introductions & Syllabus 
Overview of 4 assignments 
Organize workgroups 
Select books for Research/Writing Module 

  

1/15 Holiday—MLK Day   

Week 2 
1/22 

Assessment Module Introduction 
Workgroups: Science Content Mastery; Research/Writing 
Module 

 Content 
Mastery 
Proposal 

  
Week 3 

1/29 

What is PCK?  How does it apply to crosscutting concepts? 
QR Codes: Resources for understanding crosscutting concepts 
Assignment: Crosscutting Concepts Mastery 
Workgroups: Crosscutting Concepts Mastery; 

https://www.narst.org/publications/re
search/pck.cfm and 
https://link.springer.com/referencewo
rkentry/10.1007/978-94-007-6165-
0_228-5#page-1 

Week 4 
2/5 

On Demand Learning 
Workgroups: Science Content Mastery; Assessment Module 

Readings for 
Research/Writing 
Module 

Content 
Mastery #1 

Week 5 
2/12 

On Demand Learning 
Workgroups: Research/Writing Module; Crosscutting Concepts 
Mastery 

Readings for 
Reading/Writing 
Module 

CCC Mastery 
#1 

2/19 Holiday—Presidents’ Day   

Week 6 
2/26 

On Demand Learning 
Workgroups: Science Content Mastery; Assessment Module 

Readings for 
Research/Writing 
Module 

Content 
Mastery #2 

Week 7 
3/5 

On Demand Learning 
Workgroups: Research/Writing Module; Crosscutting Concepts 
Mastery 

Readings for 
Research/Writing 
Module 

CCC Mastery 
#2 

3/12 Holiday—Spring Break   

Week 8 
3/19 

On Demand Learning 
Workgroups: Science Content Mastery; Assessment Module 

Readings for 
Research/Writing 
Module 

Content 
Mastery #3 

Week 9 
3/26 

On Demand Learning 
Workgroups: Research/Writing Module; Crosscutting Concepts 
Mastery 

Readings for 
Research/Writing 
Module 

CCC Mastery 
#3 

Week 10 
4/2 

On Demand Learning 
Workgroups: Science Content Mastery; Assessment Module 

Readings for 
Research/Writing 
Module 

Content 
Mastery #4 
Lesson Plan 

Week 11 
4/9 

On Demand Learning 
Workgroups: Research/Writing Module; Crosscutting Concepts 
Mastery 

Readings for 
Research/Writing 
Module 

CCC Mastery 
#4 

Week 12 
4/16 

On Demand Learning 
Workgroups: Choice 

Readings for 
Research/Writing 
Module 

Assessment 
Module 
Lesson 
Reflection 

Week 13 
4/23  

Final Exam: Research/Writing Module Presentations. 
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IMPORTANT INFORMATION AND SEMESTER DATES   

https://academics.dixie.edu/syllabus/#semester 
 
DSU Student Academic Conduct and Academic Integrity Policies:  
 
Please visit https://academics.dixie.edu/syllabus/#semester (click on Policies and Statements link) for 
information on DSU policies related to Academic Dishonesty/Academic Integrity, Disruptive Behavior, 
Absences related to college functions, Disability/Accessibility Resources, DMail, and Title IX. 
 
Important links: 

Disability Resource Center – https://dixie.edu/drcenter   
Health and Counseling Center – https://wellness.dixie.edu  
IT Help Desk – https://dixie.edu/helpdesk  
Library – http://library.dixie.edu  
Testing Center – http://dixie.edu/testing  
Tutoring Center – http://dixie.edu/tutoring   
Writing Center – https://writingcenter.dixie.edu  

Instructure Canvas: If anyone has forgotten their login information or your course is not displaying, 
please contact the Helpdesk and/or the help desk website http://www.dixie.edu/helpdesk/.  The 
Helpdesk is located on the second floor of the Holland building, across from the east elevators. Online 
tutorials for CANVAS can be found at http://guides.instructure.com/.  

Non-student in the classroom and other designated study areas: In order to fulfill the assigned 
responsibilities of the instructors and the institution, college personnel are deemed to have the right and 
the authority to control the learning environment, to perform their duties, and to maintain the 
classroom for optimal learning.  In support of existing policy of DSU, it is expected that only bona fide 
students defined and classified by the DSU catalog (Policy 5.16), will attend classes, unless specific prior 
permission for guests has been obtained from the instructor. 

Infants, children, and adolescents are not allowed at DSU except in certain areas and under certain 
circumstances. College facilities and classrooms are not designed for children, and their presence may 
disrupt students and teachers.  In the event of an emergency where prior approval cannot be obtained 
24 hours in advance, the student shall request permission to bring children to class prior to the 
beginning of class.  The decision of the instructor regarding non-students in the classroom is final. (DSU 
Policy 5-23.7- 23.7.8.) 
 


