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Modeling Instruction in High School Chemistry II 

(15 Week AMTA Workshop) 

EDUO 9567: 1 – 3 Graduate-Level Credits 

 

 
 

Course Prerequisites: 
  

Participants must have completed a Modeling Instruction (preferably Chemistry 1) workshop 

prior to this course. 

 

 

Course Overview: 
 

Chemistry II: Modeling Instruction is designed to provide secondary chemistry teachers with the 

tools, experiences, and background needed to improve their chemistry instruction using a proven 

and award-winning methodology known as Modeling. 

 

Course Description: 

 
Secondary-level chemistry teachers will participate in 60 hours of training in Chemistry: 

Modeling Instruction. The workshop will focus on an evidence-based approach to the internal 

structure of the atom, periodicity and covalent bonding, intermolecular forces, equilibrium and 

acids and bases.  Instruction is organized into modeling cycles rather than traditional content 

units. This promotes an integrated understanding of modeling processes and the acquisition of 

coordinated modeling skills. The two main stages of this process are model development and 

model deployment.  The modeling cycle addresses the deficiencies of traditional instruction by 

assisting students to construct understanding from observations, by confronting student 

preconceptions, by examining student thought processes through the process of “whiteboarding” 

and Socratic dialoguing. Participants will receive both printed and electronically stored versions 

of the course manual, as well as ancillary materials. 
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The main objective of the course is to acquaint teachers with all aspects of Modeling Instruction 

and develop some skill in implementing it. To that end, teachers are provided with a fairly complete 

set of written curriculum materials to support instruction organized into coherent modeling cycles. 

The physical materials and experiments in the curriculum are simple and quite standard, already 

available in any reasonably-equipped chemistry classroom.  

 

The goal of this Modeling Method course is to provide a meaningful form of professional 

development for pre-service or in-service teachers using student-centered, inquiry-based, 

constructivist practices. Participants will frequently be asked to play two roles. First, they will be 

asked to take the role of a novice student in chemistry (similar to their actual students) as they 

perform all the laboratory investigations and problem solving that such students will be asked to 

do. Armed with a taxonomy of common preconceptions and misconceptions students hold will 

give participants a useful perspective from which they will be better able to address their own 

student’s learning obstacles. Second, they will be asked to play the role of the classroom chemistry 

teacher where they will be able to practice the techniques of managing student discourse, using 

Socratic dialogue, and general classroom management in an inquiry-based classroom. Throughout 

the course, teachers are asked to reflect on their practice and how they might apply the techniques 

they have learned in the course to their own classes. The principles learned here can be readily 

transferred to any other sort of classroom instruction.   

 

 

 

Course Objectives:\NGSS Content & Teaching Standards Addressed 
Through successful completion of this course, teachers will  

• Improve their instructional pedagogy by incorporating the modeling cycle, inquiry 

methods, critical and creative thinking, cooperative learning, and effective use of 

classroom technology, 

• Deepen their understanding of content in 2nd semester high school chemistry, 

• Experience and practice instructional strategies of model-centered discourse, Socratic 

questioning/whiteboarding, and coherent content organization, 

• Strengthen local institutional support as school leaders in disseminating standards-based 

reform in science education, 

• Increase their skill in all eight scientific practices recommended by the National Research 

Council in “A Framework for K-12 Science Education.”  

The development and use of models are at the core of the NGSS Science and Engineering 

Practices. 

 

 

 

Course Relation to NGSS Content & Teaching Standards: 
 

The NGSS standards addressed in this course are: 

1. Asking questions (for science) and defining problems (for engineering)  

2. Developing and using models  

3. Planning and carrying out investigations  

4. Analyzing and interpreting data  

5. Using mathematics and computational thinking  
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6. Constructing explanations (for science) and designing solutions (for engineering)  

7. Engaging in argument from evidence  

8. Obtaining, evaluating, and communicating information 

 

Modeling Instruction addresses these NGSS Disciplinary Core Ideas 

HS-PS1-1.    Use the periodic table as a model to predict the relative properties of elements 

based on the patterns of electrons in the outermost energy level of atoms. 

HS-PS1-4.    Develop a model to illustrate that the release or absorption of energy from a 

chemical reaction system depends upon the changes in total bond energy. 

HS-PS1-5.    Apply scientific principles and evidence to provide an explanation about the 

effects of changing the temperature or concentration of the reacting particles on the rate at 

which a reaction occurs. 

HS-PS1-6.    Refine the design of a chemical system by specifying a change in conditions 

that would produce increased amounts of products at equilibrium.. 

 

 

Course Assignments & Required Content: 
 

• Models of the atom 

• Periodicity and bonding. 

• Intermolecular Attractions and Biological Macromolecules  

• Equilibrium 

• Acids and bases 

 

 

Assignments 

 
Teachers are expected to do the following: 

#1:  Keep a course notebook.  

#2:  Keep a journal  

#3:  Participate 

#4:  Complete additional readings/discussions. 

#5:  Final Reflection paper 
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Suggested Reading: 

 
The articles listed here will be provided electronically to the teachers. 

• Ashkenazi, Guy and Weaver, Gabriela. “Using lecture demonstrations to promote the 

refinement of concepts: the case of teaching solvent miscibility” Chemistry Education 

Research and Practice, 2007, 8(2), 186-196 

 

• Bronsted, J.N. Some Remarks on the Concept of Acids and Bases (excerpt), Recueil des 

Travaux Chimiques des Pays-Bas. Vol 42. 1923 

 

• Cooper, Melanie and Klymkowsky, Michael. “Lost in Lewis Structures: An Investigation 

of Student Difficulties in Developing Representational Competence”, Journal of 

Chemical Education, Vol. 87 No. 8 August 2010 

 

• Cooper, Melanie and Klymkowsky, Michael. “The Trouble with Chemical Energy: Why 

Understanding Bond Energies Requires an Interdisciplinary Systems Approach” CBE—

Life Sciences Education Vol. 12, 306–312, Summer 2013 

 

• Dukerich, Larry. “Applying Modeling Instruction to High School Chemistry To Improve 

Students’ Conceptual Understanding.” J. Chem. Educ., 2015, 92 (8), pp 1315–1319 

 

• Gillespie, R.J, Robinson, E.A. “Gilbert N. Lewis and the Chemical Bond: The Electron 

Pair and the Octet Rule from 1916 to the Present Day”, J Comput Chem 28: 87–97, 2007 

  

• Harrison, Allan and Treagust, David. “Secondary Students’ Mental Models of Atoms and 

Molecules: Implications for Teaching Chemistry”, Science Education 80(5): 509-534, 

1996  (print) 

 

• Megowan-Romanowicz, Colleen. “Whiteboardong: A tool for Moving Classroom 

Discourse from Answer-Making to Sense-Making, The Physics Teacher, Vol. 54 

February 2016. 

 

• Michaels, Sarah and Cathy O’Connor. “Talk Science Primer”, TERC 2012 

 

• Shusterman, Gwendolyn and Alan. “Teaching Chemistry with Electron Density Models” 

Journal of Chemical Education, Vol. 74 No. 7 July 1997 
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Course Assessment Rubrics 
  

Final grades will be based on the following point totals and percentages: 

 

A: 90-100% (270-300 points total) 

B: 80-89% (240-269 points total) 

C: 70-79% (210-239 points total) 

 
 

Notebook (90 points: 30% of course grade) 
81-90 points 72-80 points 61-71 points 0-60 points 

Participant records clear, 

focused comments and 

notes on how each lab 

and problem set is 

viewed from both the 

student and teacher 

perspectives.  

Participant records 

general comments and 

notes on how each lab 

and problem set is 

viewed from both the 

student and teacher 

perspectives 

Participant records 

comments on how 

each lab and problem 

set is viewed from one 

of either the student or 

teacher’s perspective. 

Participant does 

not consistently 

record comments 

or notes about 

classroom 

activities. 

 

Journal (90 points: 30% of course grade) 
81-90 points 72-80 points 61-71 points 0-60 points 

Participant records a clear, 

focused reflection about 

each unit covered, 

including thoughts on how 

the model has evolved 

based on the evidence 

collected.  

Participant records a 

general reflection about 

each unit covered, 

considering both the 

student and teacher 

perspectives.  

Participant records 

reasonable reflections for 

a majority but not all of 

the units or from one of 

either the student or 

teacher’s perspective.  

Participant 

records few or no 

reasonable 

attempts on unit 

reflections. 

 

Readings/Discussions 
54-60 points 48-53 points 41-47 points 0-40 points 

Is a prompt and 

regular attendant; 

stays until the 

completion of the 

session; participates 

in group activities 

and discussion  

Is a prompt and regular 

attendant; arrives late 

or leaves early only 

with the prior 

notification of the 

instructor; participates 

in group activities and 

discussion  

Is usually but not always 

prompt and regular 

attendant; participates 

most of the time in group 

activities and discussion; 

listens when others talk 

but infrequently 

participates  

Rarely participates 

in group activities 

and discussion; does 

not listen when 

others are talking; is 

absent without prior 

notification 
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Final Reflection  (60 points: 20% of course grade) 

 

54-60 points 

 

48-53 points  

 

41-47 points  

 

0-40 points  
Well written; no 

grammatical errors; easy 

and interesting reading; 

clear evidence of regular 

revision and proofing; key 

ideas are fully elaborated 

and illustrate what is meant; 

examples are provided as 

appropriate. 

Reasonably well written; 

a few minor grammatical 

errors; easy and 

interesting reading; 

evidence of regular 

revision and proofreading; 

key points are made but 

not always elaborated. 

Tolerably well written; a 

fair number of minor 

grammatical errors; a few 

major errors; confusing to 

reader; no evidence of 

regular review and 

revision; key points are 

made but not often 

elaborated. 

Poorly written; a 

number of major and 

minor grammatical 

errors; essentially 

unreadable; 

paragraphs are a 

jumble of sentences 

and sentences are 
a jumble of words; 

gibberish; key points 

missing and/or not 

elaborated 
All statements are relevant 

to the topic or bear on the 

question at hand; assists in 

clarifying topic or resolving 

issue 

Most arguments are 

cogent, concise, and 

relevant; a small number 

of arguments provided 

and all are well reasoned; 

reader uncertain 

Arguments are not always 

cogent, concise, and 

relevant; many arguments 

are given, but they are 

poorly reasoned; reader 

unconvinced 

Arguments are not 

cogent, concise, and 

relevant; few 

arguments are given 

and they are poorly 

reasoned and 

insufficient to the 

task. 
Fully addresses main factors 

that make the topic 

important; deals with 

complexities; identifies 

difficulties; shows evidence 

of review of several major 

critical resources 

Addresses most of the 

main factors that make 

this topic important; 

shows evidence of review 

of several resources 

Addresses some of the 

main factors that make 

this topic important; 

shows some evidence of 

review of two or more 

resources 

Addresses few, if any, 

of the main factors 

that make this topic 

important; clearly 

lacks evidence of 

appropriate review of 

resources 

 


