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Modeling Instruction in Biology 

(2 Week AMTA Workshop) 

EDUO 9566:  1 – 4 Graduate-Level Credits 

 

 

 

Course Overview: 
 

The Modeling Instruction in Biology is designed to train current and future teachers in the use of 

Modeling Instruction in a high school Biology course. Modeling Instruction organizes each 

course around a small number of scientific models that form the content core of the discipline, 

thus making the course coherent.  

. 

 

Course Description: 
 

Biology teachers will participate in 75 hours of training in biology: Modeling Instruction. The 

course will focus on the traditional topics of a yearlong general biology course (classification, cell 

structure/function, growth and reproduction, ecology, evolution, energy flow: micro to macro, 

heredity). The Modeling Method has been shown to be a highly effective extension of the 

traditional three-step learning cycle (observe, generalize, apply). The modeling cycle addresses 

deficiencies of the learning cycle by assisting students to construct understanding from 

observations, confronting student preconceptions, examining student thought processes through 

“whiteboarding” and Socratic dialoguing. Participants will receive both printed and electronically 

stored versions of the Biology Modeling Handbook, as well as ancillary materials. 
 

The main objective of the Modeling Method course is to acquaint teachers with all aspects of the 

modeling method and develop some skill in implementation. To that end, teachers are provided 

with a thorough 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 biology classroom.  
 



 

2 

   

To develop familiarity with the materials necessary to fully implement the curriculum in the 

classroom, we find that teachers must work through the activities, discussions and worksheets 

while alternating between student and teacher modes. Each of the units in the course manual 

includes an extensive Teacher Notes section. 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.  
 

 

 

Course Content & NGSS Standards 
 

NGSS Science and Engineering Practices 

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  

6. Constructing explanations (for science) and designing solutions (for engineering)  

7. Engaging in argument from evidence  

8. Obtaining, evaluating, and communicating information 

 

NGSS Disciplinary Life Science Core Ideas 

 

 Structure and Function 

  HS-

LS1-1. 

Construct an explanation based on evidence for how the structure of DNA 

determines the structure of proteins, which carry out the essential functions of 

life through systems of specialized cells.  

 HS-

LS1-2. 

Develop and use a model to illustrate the hierarchical organization of interacting 

systems that provide specific functions within multicellular organisms.  

 HS-

LS1-3. 

Plan and conduct an investigation to provide evidence that feedback mechanisms 

maintain homeostasis.  

 

     Matter and Energy in Organisms and Ecosystems 

     HS-

LS1-5. 

Use a model to illustrate how photosynthesis transforms light energy into stored 

chemical energy. 

     HS-

LS1-6. 

Construct and revise an explanation based on evidence for how carbon, hydrogen, 

and oxygen from sugar molecules may combine with other elements to form amino 

acids and/or other large carbon-based molecules. 

    HS-

LS1-7. 

Use a model to illustrate that cellular respiration is a chemical process whereby the 

bonds of food molecules and oxygen molecules are broken and the bonds in new 

compounds are formed resulting in a net transfer of energy.  

   HS-

LS2-3. 

Construct and revise an explanation based on evidence for the cycling of matter and 

flow of energy in aerobic and anaerobic conditions.  

    HS-

LS2-4. 

Use mathematical representations to support claims for the cycling of matter and 

flow of energy among organisms in an ecosystem.  

    HS-

LS2-5. 

Develop a model to illustrate the role of photosynthesis and cellular respiration in 

the cycling of carbon among the biosphere and atmosphere. 
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     Interdependent Relationships in Ecosystems 

     HS-

LS2-1. 

Use mathematical and/or computational representations to support explanations of 

factors that affect carrying capacity of ecosystems at different scales.  

     HS-

LS2-2. 

Use mathematical representations to support and revise explanations based on 

evidence about factors affecting biodiversity and populations in ecosystems of 

different scales.  

      HS-

LS2-6. 

Evaluate the claims, evidence, and reasoning that the complex interactions in 

ecosystems maintain relatively consistent numbers and types of organisms in stable 

conditions, but changing conditions may result in a new ecosystem.  

     HS-

LS2-7. 

Design, evaluate, and refine a solution for reducing the impacts of human activities 

on the environment and biodiversity. 

     HS-

LS2-8. 

Evaluate the evidence for the role of group behavior on individual and species’ 

chances to survive and reproduce.  

 

     Inheritance and Variation of Traits 

     HS-

LS1-4. 

Use a model to illustrate the role of cellular division (mitosis) and differentiation in 

producing and maintaining complex organisms.  

     HS-

LS3-1. 

Ask questions to clarify relationships about the role of DNA and chromosomes in 

coding the instructions for characteristic traits passed from parents to offspring.  

     HS-

LS3-2. 

Make and defend a claim based on evidence that inheritable genetic variations may 

result from: (1) new genetic combinations through meiosis, (2) viable errors 

occurring during replication, and/or (3) mutations caused by environmental factors.  

     HS-

LS3-3. 

Apply concepts of statistics and probability to explain the variation and distribution 

of expressed traits in a population.  

 

     Natural Selection and Evolution 

     HS-

LS4-1. 

Communicate scientific information that common ancestry and 

biological evolution are supported by multiple lines of empirical 

evidence. 

   HS-

LS4-2. 

Construct an explanation based on evidence that the process of 

evolution primarily results from four factors: (1) the potential for a 

species to increase in number, (2) the heritable genetic variation of 

individuals in a species due to mutation and sexual reproduction, 

(3) competition for limited resources, and (4) the proliferation of 

those organisms that are better able to survive and reproduce in the 

environment.  

     HS-

LS4-3. 

Apply concepts of statistics and probability to support explanations 

that organisms with an advantageous heritable trait tend to increase 

in proportion to organisms lacking this trait.  

     HS-

LS4-4. 

Construct an explanation based on evidence for how natural 

selection leads to adaptation of populations.  

     HS-

LS4-5. 

Evaluate the evidence supporting claims that changes in 

environmental conditions may result in: (1) increases in the number 

of individuals of some species, (2) the emergence of new species 

over time, and (3) the extinction of other species.  
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Course Objectives 

 
As a result of this course, the participant will be able to: 

• Comprehend and implement a model-centered, guided inquiry method of teaching high 

school biology. 

• Integrate computer courseware effectively into the biology curriculum. 

• Utilize an electronic network support and a learning community among participants.  

• Strengthen local institutional support for participants as school leaders in disseminating 

standards-based reform in science education.  

 

BIG IDEA:  

Unit 0: Experimental Design, Characteristics and Classification of Life 

Unit 1: Population Growth & Interaction Models 

Unit 2: Evolution 

Unit 3: Growth & Reproduction 

Unit 4: Inheritance 

Unit 5: Energy & Matter 

 

 

COURSE REQUIREMENTS: 

• Complete the Biology Concept Inventory (BCI) pre-test assessment, and Lawson’s Classroom 

Test of Scientific Reasoning (CSTR) pre-test assessment on the first day of class.  These will 

set a base score for each participant. 

• Keep a course notebook. You will perform labs in “student mode.” You will be expected to 

record notes from the pre-lab discussion, record and evaluate data and summarize the findings 

of the “class” in your lab notebook. Write down notes that will help when you have students 

do the lab. Some teachers can benefit by writing down good questions asked during 

whiteboarding. You should also take notes on demonstrations and the concept they are meant 

to illustrate. Teachers find this notebook to be a valuable resource as they use the curricular 

materials in their own classes.  

• Work out all problems and questions on the worksheets as assigned. 

• Participate actively and thoughtfully in lab whiteboarding sessions, discussion of readings, 

activities, and problem-solving whiteboarding.  

• Read excerpts from biological education research articles as assigned and participate in 

subsequent discussions. 

• Complete the BCI and CTSR post-test on the last day of class. 

 

• of the lesson (similar to a 10-minute talk at a science education conference). 
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Text and Required Reading: 
 

To be assigned throughout the course in alignment with course progression. Articles to be 

included but not limited to:  

Abud G. "‘For Every’ Speak: A Cognitive Approach to Teaching Proportional Reasoning." 

Productive & Constructive.N.p., n.d. Web. 27 Dec. 2012. <http://blog.abud.me/>. 

Abud G. "Making Thinking Visible: Using Whiteboards in the Chemistry Classroom." 

Productive & Constructive.N.p., n.d. Web. 27 Dec. 2012. <http://blog.abud.me/>. 

Allen R. “Analyzing Classroom Discourse to Advance Teaching and Learning.” Education 

Update., 50:2. 2008. Print. 

 

Berland LK, McNeill, KL. “A Learning Progression for Scientific Argumentation: 

Understanding Student Work and Designing Supportive Instructional Contexts.”  Science 

Education. DOI 10.1002/sce.20402 Published online 4 May 2010 in Wiley Online Library 

(wileyonlinelibrary.com). 

 

Cartier J, Rudolph J, Stewart J. “The Nature and Structure of Scientific Models.” The National 

Center for Improving Student Learning and Achievement in Mathematics and Science 

(NCISLA). January 2001. Online. http://ncisla.wceruw.org/publications/reports/Models.pdf  

 

Fulmer GW, Liang LL. “Measuring model-based high school science instruction: Development 

and application of a student survey.” Journal of Science Education and Technology, 22, 37-46. 

2013. Print. 

 

Jackson J, Dukerich L, Hestenes D. "Modeling Instruction: An Effective Model for Science 

Instruction." Science Educator, 17.1 (2008): 10-17. Print. 

Klymkowsky MW, Cooper MM. “Student Centered Education Now for the Hard Part: The Path 

to Coherent Curricular Design.” Biochemistry and Molecular Biology Education. Vol. 40, No. 4, 

pp. 271–272, 2012. Print. 

 

Megowan-Romanowicz C.“Helping students construct robust conceptual models. Models and 

Modeling: Tools for Scientific Enquiry.” M. S. Khine and I. M. Saleh. Dordrecht, Springer. 

2012. Print. 

Passmore C, Steward J, Cartier J. “Model-Based Inquiry and School Science: Creating 

Connections.” School Science and Mathematics. Volume 109, Issue 7, pages 394-402, 

November 2009.  DOI: 10.1111/j.1949-8594.2009.tb17870. Online. 

 

Royce B, Dukerich L. “Managing Discourse during Class Discussions.” Tempe: Arizona State 

University, 2005. Print. 

 

Svoboda J, Passmore C. “The Strategies of Modeling in Biology Education.” Science and 

Education. January 2013, Volume 22, Issue 1, pp 119-142. DOI 10.1007/s11191-0119425-5. 

Print. 

 

http://blog.abud.me/
http://blog.abud.me/
http://ncisla.wceruw.org/publications/reports/Models.pdf
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Swackhamer G. “Cognitive Resources for Understanding Energy.” March 2005. Draft. 

http://modeling.asu.edu/modeling/CognitiveResources-Energy.pdf  

 

Windschitl M, Thompson J, Braaten M. “Beyond the Scientific Method: Model-Based Inquiry as 

a New Paradigm of Preference for SchoolScience Investigations.” DOI 10.1002/sce.20259. 

Published online 4 January 2008 in Wiley InterScience (www.interscience.wiley.com). 

 

 

 

 

 

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) 

 

COURSE EVALUATION CRITERIA 

Course Notebook 40% 

Worksheet Completion 10% 

Participation 30% 

Pretest-Posttest Assessment: BCI 10% 

Pretest-Posttest Assessment: LCTSR 10% 

                                                                   Total  100% 

 

Course Notebook:  
100-90 points 89-70 points 69-60 points 59-0 points 

Participant records clear, focused 

comments and notes on how each 

lab and problem set is viewed 

from both the student and teacher 

perspectives. Entries include 

many additional suggestions for 

implementation, changes, and 

questions for Socratic Dialogue 

and class discussion. 

Participant records 

general comments and 

notes on how each lab 

and problem set is 

viewed from both the 

student and teacher 

perspectives. Entries 

include a few 

suggestions for class 

discussion. 

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. 

 

Worksheet Completion:  
100-90 points 89-70 points 69-60 points 59-0 points 

Participant records 

reasonable attempts for all 

problems and questions on 

the worksheets, and includes 

alternative solutions where 

appropriate. 

Participant records 

reasonable attempts 

for all problems and 

questions on the 

worksheets. 

Participant records 

reasonable attempts 

for a majority but 

not all problems and 

questions.  

Participant records 

few or no reasonable 

attempts for problems 

and questions on the 

worksheets. 

http://modeling.asu.edu/modeling/CognitiveResources-Energy.pdf
http://www.interscience.wiley.com/
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Participation:  
100-90 points 89-70 points 69-60 points 59-0 points 

Is a prompt and regular 

attendant; stays until the 

completion of the 

session; participates in 

group activities and 

discussion by asking 

questions and offering 

ideas during 

whiteboarding 

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 by asking 

questions and offering 

ideas during whiteboarding 

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 in 

whiteboard discussions  

Rarely participates 

in group activities 

and discussion; 

does not listen 

when others are 

talking; is absent 

without prior 

notification 

 

Assessment of Biology Concepts from the BCI (30 points: 10% of course grade) 
54-60 points 48-53 points 42-47 points 0-41 points 

A post-test raw score of 

21 or higher, or a gain 

score of .5 or greater 

 
Gain = 
(post – pre)/(30 – pre)  

A post-test raw score 

of 17–20, or a gain 

score of 0.40–0.49 

A post-test raw score 

of 13–16, or a gain 

score of 0.30–0.39 

A post-test raw score of 

12 or less, or a gain of 

less than 0.29 

 

Assessment of Science Reasoning Concepts from the CTSR (30 points: 10% of course grade) 
54-60 points 48-53 points 42-47 points 0-41 points 

A post-test raw score of 

21 or higher, or a gain 

score of .5 or greater 

 
Gain = 
(post – pre)/(30 – pre)  

A post-test raw score 

of 17–20, or a gain 

score of 0.40–0.49 

A post-test raw score 

of 13–16, or a gain 

score of 0.30–0.39 

A post-test raw score of 

12 or less, or a gain of 

less than 0.29 

 


