
IOWA STATE UNIVERSITY 
COLLEGE OF HUMAN SCIENCES 

School of Education 
 
Title: Advanced Pedagogy in Science Education 
Course Number:  CI 546 
Semester: Summer 2017 
Time: M-F 2:00-5:00 pm  
Location: 0550 Lagomarcino Hall 
 
Instructor: Joanne Olson, Ph.D. 
Office: 1720C Lagomarcino Hall 
Phone: 515-294-3315  
e-mail: jkolson@iastate.edu  
Office Hours: T 1:00 pm and by appointment 
 

This course is intended to be a reflection of research on effective teaching 
congruent with consensus perspectives  

on human learning and goals for science education.  
If you sense discrepancies, you are expected to respectfully ask,  

“What is your rationale for…?” 
 
Course Description: 
 
 This course is designed to further the development of effective science pedagogy for those with a 
Research-Based Framework for Science Teaching and previous long-term experience teaching students in 
a K-12 setting. This course will utilize a variety of instructional approaches to illustrate the flexibility of 
an RBF and its application in diverse settings, with particular emphasis on advanced issues in science 
teaching.  
 
 This course is based on the notion that effective and appropriate teaching requires the systematic 
analysis of learning, learner characteristics, the teacher and teacher characteristics, teaching strategies, 
instructional materials and educational goals. Only through a deliberate, controlled integration of these 
critical elements can teachers effectively design and implement a high-quality science program. This 
course is designed to promote the development of this knowledge base necessary to move from science 
content knowledge to well-reasoned, relevant and appropriate science teaching. This course also 
acknowledges that teaching is not solely a rational undertaking. Good teaching is research-based, but also 
has an artistic element. Decisions are made quickly in ever-changing circumstances, and how teachers 
implement those decisions impacts the classroom in important ways. This class will address both the “art” 
and “science” of effective teaching. 
 
Course Objectives: 
 
Students who successfully complete this course will: 
 

• Examine trends in youth activity and experiences that impact science teaching and learning 
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• Utilize findings from educational psychology to examine assessment of students, self, and the 
interaction between teacher and students   

• Understand the role of hypothetico-deductive reasoning in science teaching and learning, and 
develop logic progressions for existing units of instruction 

• Expand and refine classroom management 
• Develop multiple ways to inform teaching practices from classroom and other data 
• Experience, critique, and modify lessons that require instruction out of the classroom settings 
• Understand the history of science education and its influence on the current state of the field 
• Demonstrate professional and positive behaviors that promote learning, teaching, and science 

teacher education 
 
Required Materials: 
 

Dewey, J. (1902). The Child and the Curriculum. Chicago: University of Chicago Press. 
 
Additional readings will be provided by the professor. 
 
I also request that you take notes without reliance on computer technology in class. While I realize this 
request may be at odds with expectations of other faculty, the use of laptops/tablets during class for the 
purposes of note-taking inhibits interactions and results in lower levels of learning. Interaction and hands-
on experiences with equipment are critical components of this class. Research has shown that hand-
written notes are superior to computer-taken notes in studies of student learning. The results are suspected 
to occur because the note taker must selectively process information rather than type verbatim.  
 
Students with Special Needs: 
 
Please address any special needs or special accommodations with me at the beginning of the semester or 
as soon as you become aware of your needs. Those seeking accommodations based on disabilities should 
obtain a Student Academic Accommodation Request (SAAR) form from the Student Disability Resource 
(SDR) office (phone 515-294-7220).  SDR is located on the main floor of the Student Services Building, 
Room 1076.  
 
Course Policies: 
 
Be prepared. Be on time. Please do your own original work, and turn it in on time. If you choose to turn 
in late work, you choose a lower grade. I do not accept late work more than 24 hours beyond the due date. 
This course follows university policies for academic integrity. If you must be absent, contact the professor 
as soon as possible. Missing a class is serious as the short time frame means that you will miss a large 
portion of the class.  
 
Late Work: At this point in your teacher education program, you have realized that teachers must have 
plans ready every day, and cannot be late with their work. This applies to this course as well. Late work 
will have one full letter grade deducted for each hour that the work is late. All assignments are due at the 
beginning of class. 
 
Helpful Suggestions for Success in this Class:  
Have a buddy in class who you can call, and meet to discuss your goals and the course readings.  
Ensure assignments are free from spelling and grammatical errors. 
Support your opinions with evidence in your assignments. 
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Keep your student goals in mind when reading the course materials. 
Remind yourself that this is a safe place to try new things. Keep your mind open and take intellectual 
risks! 
 
I believe teaching is one of the most important professions in our society. Our children deserve teachers 
who are well prepared, well educated, motivated, and have a sound rationale for what they are doing. 
Therefore, your participation in class discussions and activities, diligence with the readings, and careful 
synthesis of ideas on assignments are critical components for success in the course. Finally, I want you to 
know that I intend to model effective teaching and am here to help you become an exemplary science 
teacher. Call or e-mail me if you have questions, or come see me in my office. If you are confused, don’t 
allow your confusion to linger! 
 
Expectations and Assignments: 
 
Participation, Attendance, and Quizzes (10%): This class is an important experience in your 
development as a professional teacher. Your participation in the activities and discussions in the course as 
well as the completion of regular homework assignments are critical to your success. This includes being 
in class on time. Tardies and missed classes will detrimentally affect your grade because this class must 
be experienced and is impossible to “make up” in any other way. Students who miss more than two 
classes cannot earn an A in the course. Students who miss three classes or more will be asked to drop the 
course. You are also expected to respectfully consider alternate opinions and contribute to the class 
discussion. Take notes, ask questions, think, and be an active participant in your learning. You expect 
your students to participate in your class because this will aid their learning. I expect the same of you! In 
addition, at the beginning of class, a short quiz will be given that will cover course material as well as 
common mistakes made in formal writing. Points will be assigned, and quiz points will total 5% of the 
final course grade. Research demonstrates the value of low-stakes, frequent assessment as part of the 
learning process; I wish to model this for you. 
 
Alphabet Soup Project (30%): Select an alphabet soup curriculum project related to your discipline. 
In teams of two, you will provide a 30 minute: 1) overview of the project and its philosophy, and 2) you 
will lead us through a portion of an activity from this project that exemplifies the emphasis of this 
curriculum. While you don’t need to conduct the lesson in its full form, we should have the chance to 
engage in an activity that is typical of this project. In addition, you will distribute a handout that contains 
the following information about this curriculum: Name of project, year(s) of development and name of 
developers, grade level/subject, rationale and emphasis of this project, and key characteristics/features of 
the program. For additional information about alphabet soup projects, see www.scienceeducation.org 
under the “glossary” listing. Suggested projects include: 
 Biology:  BSCS blue, green, or yellow 
   OBIS 
 Chemistry:  CHEM 
         CBA 
        Chem Study 
 Physics:  IPS 
    HPP (Harvard Project Physics) 
   PSSC 
 Earth Science: ECSP 
 Middle School: IPS 
   ISCS 
 Elementary:  ESS 
   SCIS 

http://www.scienceeducation.org/
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   SAPA 
   HAP 
   FOSS 
   GEMS 
 
Classroom Management and Discipline Assignment (20%): During the course, you will receive 
several critical incidents related to classroom management and/or discipline. For this assignment, you will 
need to: A) develop a written classroom management philosophy (should be concrete and include specific 
guiding principles for your classroom and your classroom rules), and B) develop a response to each 
critical incident, responding with two parts: 1) what you would do in this situation (consider short term 
and long term actions as appropriate to the situation), and 2) a rationale for why you have chosen the plan 
of action that you have chosen. I will be looking for sound classroom decisions that reflect your RBF in 
action. 
 
Logic Progression (30%): As you know, students have profound misconceptions about science 
content, and these ideas are resistant to change. Find a topic in your discipline and examine student 
misconceptions regarding this topic. These can be found in the literature, or in NSTA resources (e.g., 
Paige Keeley books). Assuming these misconceptions are present among your students, develop a specific 
plan of action to move students toward an accurate understanding of the standard. This will have two 
parts: 1) a clear logical progression from misconception(s) to accurate idea (expressed by the standard); 2) 
specific experiences, questions, scaffolds, etc. that make explicit what you will do and what you will have 
students to do to develop accurate ideas. Please note that this second piece is not a full lesson plan, but an 
outline of what experiences will be necessary to move student thinking forward. 
 
Discussion Notes (10%): Using the LTD template provided in class, submit your discussion notes that 
you used to prepare for formal class discussions.    
 
Grading: 
 
Grades will be assigned based on the criteria that follow. Minor discrepancies allow for a + or -. Please 
note that letter grades are intended to represent quality based on the criteria. This reflects the reality that 
life does not exist on a point system—no administrator will “score” your lesson according to a point 
system. (This is something to think about when assessing your students!) Instead, criteria are used such as 
the Iowa Professional Teaching Standards. The expectations for this course reflect this reality. Because 
there is no oral defense for this course, you are still expected to self-evaluate and consider my feedback in 
the process as you hone your self-evaluation skills. 
 
A work is considered exemplary, thorough, reflects great effort, and is turned in on time. Conclusions are 
supported with evidence from credible sources and consistent with goals that reflect the consensus in 
science education. An A in the course represents excellent and thorough pedagogy, a strong command of 
subject matter, and discussion of issues and research in science education. All of these have been well 
demonstrated through active participation in class sessions. This person never gives the impression of 
learning simply by listening. This person uses research findings to support statements and exhibits a 
passion for teaching. This person has an exemplary attendance rate, almost never arrives late or leaves 
early, and demonstrates a positive and friendly attitude. This individual clearly articulates a robust 
research-based framework for teaching science. 

 
B work is exemplified by strong assignments that are turned in on time. Conclusions are usually 
supported with evidence from credible sources and consistent with goals that reflect the consensus in 
science education. A B in the course represents strong but sometimes piecemeal pedagogical practices, a 
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sound command of subject matter, and active participation in discussions related to issues and research in 
science education. This person rarely gives the impression of learning by listening. This person uses 
research findings to support statements and exhibits a commitment to teaching. This person has a strong 
attendance rate, almost never arrives late or leaves early, and demonstrates a positive and friendly 
attitude. This individual is beginning to understand the complexities of a research-based framework for 
teaching science.  
 
C work is exemplified by satisfactory assignments that are turned in on time. Conclusions are sometimes 
supported with evidence from credible sources and often consistent with goals that reflect the consensus 
in science education. A C in the course represents developing but sometimes piecemeal pedagogical 
practices, a command of subject matter, and participation in discussions related to issues and research in 
science education. This person may sometimes give the impression of learning by listening. This person 
exhibits a commitment to teaching. This person has a satisfactory attendance rate, almost never arrives 
late or leaves early, and demonstrates a positive and friendly attitude. This individual is beginning to 
understand the complexities of a research-based framework for teaching science, but will need additional 
support to implement such practices in the classroom. 
 

 
AGENDA (Subject to change based on your needs!) 

 
May 8  Orientation to course 
  Representations in Science  

How does the level of abstraction inherent in various representations influence our choice 
of activities and materials? 
Homework: Read 1) Mitchell, Erickson, & Louv 

 
May 9    Why Teach Science? Promoting Content Area Reading and Effective Communication 
  How are our students’ experiences influencing how they engage with science? 

Homework: Discussion Notes for Play Again 
 

May 10  Formal Discussion: LTD on Play Again 
  Advanced Issues in Learning Theory: Motivation, Attribution Theory, Expectancy, 
  Self Efficacy, and Interest  
  Our goals must be overtly taught! We’ll experience the LTD strategy to teach several of  
  your goals. 

I’m keeping learning theories in mind, but they still aren’t learning. Why? What can I do? 
   Due: Turn in Notes  
 
May 11  A brief history of science education: The Accountability Era 

Where did our field come from? Is this just a return to an idea we’ve tried before? 
Homework: Begin Dewey’s The Child and the Curriculum  
 

May 12  A Brief History of Science Education: Historical Roots-Sputnik Era 
What do I do with “old” science materials? How do I know if they’re good?  

  Homework: Begin Alphabet Soup Project 
 
 
May 15  Discussion: Dewey’s The Child and the Curriculum 
  Teaching toward Big Ideas, Part 1 
  Why has science been called “One Long Argument”? How can we use this knowledge to 
  help students learn? 



 6 

  Due: Turn in Dewey Notes! 
 
May 16  Teaching toward Big Ideas, Part 2, Meeting Standards (Iowa Core, NGSS, etc.) 
  Teachers often “cover topics” but miss the central concept. How do we build a coherent  
  logical progression for our units so that students learn big ideas rather than trivial details? 
 
May 17  When prevention isn’t enough: Handling misbehavior in the classroom 
  So you’ve done what you can to prevent problems, and something goes awry. What now? 
 
May 18  Presentations: Alphabet Soup Curriculum Projects, Continued 
 
May 19  Presentations: Alphabet Soup Curriculum Projects 
  
  
May 22  Classroom Management: Guiding Principles, Rules, and Actions 
 
May 23  Classroom Management, continued 
 
May 24  To Be Announced: Based on your needs 

Due: Logic Progression Assignment due 
 
May 25  To Be Announced: Based on your needs 
 
May 26  To Be Announced: Wrapping up the MAT program 

Due: Classroom Management Assignment due before 5 pm 
 
 


