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Science Teaching Methods and Techniques 

MS_ED 411 Elementary Science Methods and Content 

Instructors:  Amy McGreal, Patty Whitehouse 

ahmcgreal@gmail.com 

ptwhitehouse@yahoo.com 

  

Course Description: 
This course is designed to build your knowledge and skills at making science learning more meaningful 

for elementary students, based on current ideas and research about how teachers learn to teach science 

and how students learn science.  You will gain practical experience in the evaluation, design, and delivery 

of science instruction that is aligned to the Next Generation Science Standards. You will learn techniques 

to help foster meaningful learning experiences and dialog between each child you teach.  You will learn 

techniques to help you build and facilitate a dynamic and collaborative learning community in your 

science classroom. 

  
Four major principles about teaching and learning have been incorporated in the design of this course. 

  
1.     Students come into the classroom with valuable prior ideas, experiences, interest, and language about 

science and phenomena happening in the world around them.  These have a profound impact on how 

they will experience and interpret instructional activities in the classroom.  Uncovering and leveraging 

these can help you craft meaningful learning experiences for your learners. 

2.     Three-dimensional learning helps learners make sense of phenomena and design solutions by engaging 

in scientific practices while helping students develop disciplinary core ideas and highlighting 

crosscutting concepts.  Teachers need to develop systematic ways of adapting/designing instructional 

materials to help engage students in three-dimensional learning in every learning activity. 

3.      Effective instructional planning involves developing coherent and relevant storylines for science 

learners.  Teachers need to take into account a) what ideas are most relevant and useful for students to 

learn, b) what compelling phenomena can these ideas help to explain, c) what a satisfactory explanation 

of the related phenomena would look like at the end of the instructional sequence, and d) how each step 

in the storyline of instruction is connected to what students have already figured out and what they think 

they will need to/want to investigate next. 

4.     Effective science teachers orchestrate classroom discourse to a) help students share, expand, and clarify 

their own thoughts, b) help students carefully listen to each other, c) help students deepen their 

reasoning, and d) help students engage with the reasoning of others.  Developing confidence and 

capacity in using talk moves to engage all students in academic talk will take place as you practice them 

in various settings. 

   
Driving Question for the Course:   
How can we teach science to make it meaningful for all learners? 

  
To address this, we will consider these four related questions: 
·        What are the key shifts outlined in NGSS and the Framework? 
·        What does three-dimensional learning look like? 
·        What does coherency in instruction look like? 
·        What methods can I use to support all students? 

  

What should I know and be able to do by the end of the course? 
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·        Describe a vision of learning, knowing, and doing science for the elementary school student in relation to 

the national vision articulated in the NRC Framework for the Next Generation Science Standards (the 

Framework) and the Next Generation Science Standards (NGSS). 

·        Identify what instructional materials, student artifacts, and lesson enactments look like when students are 

engaged in three-dimensional learning. 

·        Use the Framework and NGSS to identify and unpack the most relevant components of big science ideas 

for the elementary student. 

·        Develop formative and summative performance expectations and related assessment items and artifacts 

for elementary school students aligned with Next Generation Science Standards (NGSS). 

·        Identify phenomena and relevant questions that provide a motivating context for student investigations. 

·        Anticipate and frame questions that leverage students’ prior conceptions and curiosities to motivate future 

investigations in the science classroom. 

·        Design or revise instructional materials to engage diverse learners in three-dimensional learning. 

·        Create storylines for instructional units that build coherence across multiple lessons. 

·        Employ supports designed to build a classroom culture of equity with, for, and between all students. 

·        Use discussion and questioning techniques that elicit students’ prior knowledge, facilitate cross-talk 

between students, foster argumentation from evidence, and establish consensus within the classroom 

learning community. 

·        Analyze artifacts from lessons for evidence of student learning. 

·        Engage in and share personal reflections with others regarding the nature of science learning, instructional 

design principles, and teaching methods and how these align to the needs of the learner. 

  

 

Northwestern University Conceptual Framework for Teacher Education 

Mission. Our mission is to prepare knowledgeable, reflective, and innovative teachers who will lead and 

inspire students. 

  

Vision. The Teacher Education Program at Northwestern University is guided by a conceptual framework 

for teacher education, organized around a vision of learning, learners and teaching. The conceptual 

framework focuses on 

  
A vision of learning that includes: 

1.1.      how students come to understand and think about subject matter; 
1.2.      an emphasis on inquiry and reflection; 
1.3.      the importance of collaboration and social interaction; and 
1.4.      experiential activities that are relevant and engaging. 

  
A vision of learners that includes: 

2.1        the belief that every person is capable of learning; 
2.2        that development is shaped by social contexts; and 
2.3        equitable experiences for all.      

  
A vision of teaching that includes: 

3.1        connecting theory and practice; 
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3.2        inquiry, reflection, collaboration, and innovation; 
3.3        creating a climate of learning for all students; and 
3.4        acting professionally, responsibly, and ethically. 

  

Dispositions. Dispositions are habits of professional action and moral commitment to teaching. The 

program will help candidates acquire the following dispositions to the level of proficiency: 

  
1.      An ability to systematically reflect on one’s practice and make changes as appropriate.  (NUCF 3.2) 
2.      A belief in the value of seeing students as individuals.  (NUCF 2.1) 
3.      A sense of responsibility to support every student. (NUCF 2.1) 
4.   The commitment to collaborate with all stakeholders.  (NUCF 3.2) 
5.      An ability to engage students.  (NUCF 1.4) 
6.      A willingness to incorporate innovations in teaching, including new technologies.  (NUCF 3.2) 
7.      A commitment to conducting one’s self professionally, responsibly, and ethically.  (NUCF 3.4) 

  

 

Illinois Professional Teaching Standards (2013) 
Standard 1 - Teaching Diverse Students – The competent teacher understands the diverse characteristics 

and abilities of each student and how individuals develop and learn within the context of their social, 

economic, cultural, linguistic, and academic experiences. The teacher uses these experiences to create 

instructional opportunities that maximize student learning. 

 
Standard 2 - Content Area and Pedagogical Knowledge – The competent teacher has in-depth 

understanding of content area knowledge that includes central concepts, methods of inquiry, structures of 

the disciplines, and content area literacy. The teacher creates meaningful learning experiences for each 

student based upon interactions among content area and pedagogical knowledge, and evidence-based 

practice. 

Standard 3 - Planning for Differentiated Instruction – The competent teacher plans and designs instruction 

based on content area knowledge, diverse student characteristics, student performance data, curriculum 

goals, and the community context. The teacher plans for ongoing student growth and achievement. 

Standard 4 - Learning Environment – The competent teacher structures a safe and healthy learning 

environment that facilitates cultural and linguistic responsiveness, emotional well-being, self-efficacy, 

positive social interaction, mutual respect, active engagement, academic risk-taking, self-motivation, and 

personal goal-setting. 

Standard 5 - Instructional Delivery – The competent teacher differentiates instruction by using a variety 

of strategies that support critical and creative thinking, problem-solving, and continuous growth and 

learning. This teacher understands that the classroom is a dynamic environment requiring ongoing 

modification of instruction to enhance learning for each student. 

Standard 6 - Reading, Writing, and Oral Communication – The competent teacher has foundational 

knowledge of reading, writing, and oral communication within the content area and recognizes and 

addresses student reading, writing, and oral communication needs to facilitate the acquisition of content 

knowledge. 

Standard 7 - Assessment – The competent teacher understands and uses appropriate formative and 

summative assessments for determining student needs, monitoring student progress, measuring student 

growth, and evaluating student outcomes. The teacher makes decisions driven by data about curricular 

and instructional effectiveness and adjusts practices to meet the needs of each student. 
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Standard 8 - Collaborative Relationships – The competent teacher builds and maintains collaborative 

relationships to foster cognitive, linguistic, physical, and social and emotional development. This teacher 

works as a team member with professional colleagues, students, parents or guardians, and community 

members. 

Standard 9 - Professionalism, Leadership, and Advocacy – The competent teacher is an ethical and 

reflective practitioner who exhibits professionalism; provides leadership in the learning community; and 

advocates for students, parents or guardians, and the profession. 

  

Academic Integrity 
Students in this course are required to comply with the policies found in the booklet, "Academic Integrity 

at Northwestern University: A Basic guide".  All papers submitted for credit in this course must be 

submitted electronically, unless otherwise instructed by the professor.  Your written work may be tested 

for plagiarized content.  For details regarding academic integrity at Northwestern or to download the 

guide, visit: http://www.northwestern.edu/provost/policies/academic-integrity/index.html. 

  

Accommodations for Students with Disabilities 
Any student with a disability requesting accommodations must register with Services for Students with 

Disabilities (ssd@northwestern.edu; 847-467-5530) and request an SSD accommodation notification for 

his/her professor, preferably within the first two weeks of class.  All information will remain confidential. 

  

  

Required Texts 
Fulwiler, Betsy, (2011). Writing in Science in Action: Strategies, Tools, and Classroom Video. 

Heinemann, Portsmouth, NH. 

 

The following books are available at the bookstore.  They are also available online: 
National Academies of Sciences (COR), (2012).  A Framework for K-12 Science Education: Practices, 

Crosscutting Concepts, and Core Ideas. National Academies Press, Washington, D.C.    

  
NGSS Lead States, (2013). Next Generation Science Standards: For States, By States. National Academies 

Press, Washington, D.C. 

  
PDFs of these texts are available online at: 
 http://www.nextgenscience.org/final-print-version-framework-k-12-science-education-now-available 

 http://www.nextgenscience.org/   

  

  

Weekly Schedule 
This class meets on Thursday evenings from 6:00pm – 9:00pm from April 5 to June 7.  In addition, you 

will be asked to observe a science classroom twice during the course. The timeline below is provided as 

an overview of what the semester will entail.  However, it is possible that specific activities listed in the 

timeline may change in response to your needs as learners.  You will get weekly updates about 

assignments and readings if there are any changes.  Most in-class work and out-of-class assignments are 

focused on planning, implementing, analyzing, and summarizing the lessons you will create as a final 

course assignment. Course content is aligned with the Illinois Professional Teaching Standards (IPTS), as 

well as Northwestern University’s Conceptual Framework (NUCF).   

   

http://www.northwestern.edu/provost/policies/academic-integrity/index.html
http://www.nextgenscience.org/final-print-version-framework-k-12-science-education-now-available
http://www.nextgenscience.org/
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Week 
& 

Date 

Question to 

Investigate 
Our Topics Homework/Readings ITPS & NUCF 

Standards 

Addressed 

Week 1   
4/5 

How do students and 

teachers think about 

science in an NGSS 

classroom? 

Ø - Introductions 
Ø - Using 

phenomena and 

DQB to 

introduce an area 

of study 
Ø - Identify SEPs 

used in a unit of 

study: air. 

Set up an observation with a K-5 

teacher 
  
“Helping Students Make Sense of 

the World” Chapter 1 

IPTS: 1B, 2A-C, 

9A, 9D    
NUCF:  3.1 

Week 2   
4/12 

How does our 

scientific community 

orchestrate sense-

making?   

Ø -Using models to 

create meaning 
Ø -Compare 

experiences with 

the traditional 

elementary 

science 

classroom 

Observe elementary classroom 

science lesson 
 
Reading: Writing in Science in 

Action: Chapters 1-2 

IPTS: 2B, 2K, 4G, 

4K 
NUCF:  3.1 

Week 3 
4/19 

How are disciplinary 

core ideas addressed in 

an NGSS classroom? 

Ø  Identify 

disciplinary core 

ideas used in a 

unit of study: 

corn. 
 

Reading: Writing in Science in 

Action: Chapters 3-4 
  

IPTS: 4G, 4K, 6I, 

6S 
 
NUCF: 2.1, 3.2 

Week 4 
4/26 

How are NGSS 

concepts addressed in 

an NGSS classroom? 

Ø -Observe 

activities at a 

school STEM 

Night 

    -Comparing 

classroom 

observations 

Sign up for a week to present 

phenomenon (Weeks 6-9) 
  
Set up an opportunity to try out 

Talk Moves with a K-5 teacher 
  
Reading: Writing in Science in 

Action, Chapter 10 
  
Elementary classroom observation 

descriptions due 

IPTS: 1B, 2A-C, 

9A, 9D    
NUCF: 3.1 

Week 5 
5/3 

How does discourse 

build an invested, 

engaged community of 

learners? 
  
How can I create a 

coherent 3-D unit of 

study? 

Ø -Developing 

classroom norms 

and using talk 

moves to 

facilitate 

classroom 

discussion 
Ø -Reviewing and 

creating 

storylines 
  

Try out talk moves in an 

elementary classroom 
  
Begin to create your storyline: 

unpack the PE that will be the 

foundation of your storyline 
 
Reading: Writing in Science in 

Action, Chapters 5-6 
 

 

IPTS: 1 (all), 2D, 

2E, 2K, 2N, 2O, 3C, 

3J, 3M, 3Q   
NUCF: 1.4, 2.1, 2.2 
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Week 6 
5/10 

How will I assess 
what my students will 

know and be able to do? 

Ø -Phenomenon 

presentations 
Ø -Developing 3-D 

formative and 

summative 

assessment 

Have phenomenon presentation 

completed for the week you 

selected 
  
Begin creating assessment for your 

storyline , and continue developing 

storyline   
  
Classroom talk moves description 

due 
 
Reading: Writing in Science in 

Action, Chapters 8-9 

IPTS: 1 (all), 2D, 

2,E, 2K, 2N, 2O, 

3C, 3J, 3M, 3Q   
NUCF: 1.4, 2.1, 2.2 

Week 7 
5/17 

How can I assess 

whether current 

science materials align 

with NGSS Standards? 

Ø -Phenomenon 

presentations 
Ø -Analyzing 

current science 

curricula for 

NGSS alignment 
Ø -Storyline and 

assessment 

review 

Have phenomenon presentation 

completed for the week you 

selected 
  
Continue developing storyline 
  
Reading: Writing in Science in 

Action, Chapters 7   

IPTS: 4M, 5K 
NUCF:  3.4 3.2 

Week 8 
5/24 

How can writing 

enhance student 

understanding of the 3 
dimensions? 

Ø -Phenomenon 

presentations 
Ø -Using evidence 

to write scientific 

explanations 
Ø -Scaffolding 

student writing 

Have phenomenon presentation 

completed for the week you 

selected 
  
Prepare storyline for peer review, 

including questions you have and 

areas of concern to discuss with 

peers 
  
Reading: Writing in Science in 

Action, Chapter 11-12 

IPTS:  2K, 5C-G, 

5I-K, 5M, 5R, 5S   
NUCF: 1.4, 2.1 

Week 9 
5/31 

How does a 

professional learning 

community enhance 

student learning? 

-Storyline PLCs Have phenomenon presentation 

completed for the week you 

selected 
  
Have storyline ready for peer 

critique 
  
Complete reading log 
  
Reading: Writing in Science in 

Action, Chapter 13 

IPTS: 2N, 4M 
NUCF 1.4 3.2 

Week 10 
6/7 

What does a coherent 

3-D storyline look 

like? 

Ø -Storyline 

presentations and 

peer critique 

Use peer critique to finalize 

storyline, due 6/14 
  
All Reading Logs due 

IPTS: 1 (all), 2D, 

2E, 2O, 3C, 3J, 3M, 

3Q   
NUCF: 3.2 
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Course Requirements and Grading 

  

1. Participation and Attendance (25%) 

Participation & Attendance. Weekly attendance is required. Among a teacher’s greatest tools are shared 

experiences, honest feedback from peers, and the opportunity to critique one’s own practice. Willingness to 

participate fully is a must. 

  

2. Response to Readings (10%) 

Readings. You are expected to complete any assigned readings. Readings will be assigned by the end of 

each class. A reading response, posted to Canvas, is expected for 5 of the readings. A response should be 

completed after reading. All responses are due by the end of Week 9. 
Responses should be brief (half to full page), but should include: 

·        A critical theme and the implications for becoming an accomplished teacher. You may agree or disagree 

with some or all of the author’s underlying assumptions and conclusions. 
·        A connection or link to one or more ideas from the readings to something we did or discussed in class or 

something you did or saw in your observations or at your practicum site. 

  

3. Phenomenon Presentation and Description (10%) 

Phenomenon Presentations.  You are expected to demonstrate a phenomenon appropriate for your chosen 

grade level and content area.  Demonstrations should be about 5-7 minutes in length, and should include 

background information about the Performance Expectation you selected for your storyline.  You will create 

a document of your phenomenon presentation to share with other students.  Presentation and write-up is due 

weeks 6-9 on the date you selected. 

  

4.  Two Elementary Classroom Observations (20%) 

Observations.   You will set up and observe an elementary classroom during a science lesson, for at least 

a two-hour period.  After the lesson, you will turn in a reflection that includes the grade level, content 

area, a description of the lesson, the NGSS standards you observed, and other reflections about the 

interaction between students and teacher.  Due Week 3. 

  
The second classroom visit will be one where you implement talk moves during a lesson. You will audio 

record the lesson, for your review only, so you can describe the talk moves used and their effectiveness in 

the discussion. Due Week 6. 

  

5.  Unit Storyline (35%) 

Storyline.  Your storyline should be developed for a minimum of five lessons/days.  It should include the 

Performance Expectation(s) addressed, an unpacking of the performance expectations, a description of the 

anchoring phenomenon, DQB Questions, formative and 3-D summative assessments with a rubric. You 

will have time to work on your storyline and to give and get valuable peer critique during class time.  The 

final Storyline is due June 14. 

  
Please Note:  Timely feedback and coaching is only possible with timely assignment completion. 

  

  
 


