
The Principles of  
Scientific & Engineering 

Practices 

What’s the point of this class? 



Syllabus 

This is a “capstone” course which means it is designed to help you 
integrate your knowledge and will be a challenge. Rather than just 

memorizing facts in this class we will be thinking, creating 
and synthesizing. You will be asking questions, defining 

problems, developing and using models, planning and carrying out 
investigations, analyzing and interpreting data, using mathematics 
and computational skills, constructing explanations and designing 
solutions, engaging in argument from evidence, obtaining, evaluating 
and communicating information.  



Syllabus 

This is a “capstone” course which means it is designed to help you 
integrate your knowledge and will be a challenge. Rather than just 

memorizing facts in this class we will be thinking, creating 
and synthesizing.  

Specifically the objectives are:  

To examine science as a “way of knowing” through experiencing 
scientific inquiry via a course project, activities, readings, and 
discussion.  

To provide content necessary to enable teacher licensure students 
to address K-12 Colorado Model Content Standards in Science.  



  

Is this a teaching Methods course? 

 

A. Yes, that is the primary purpose 

B. No, but examples of how to teach in 
elementary are modeled. 

C. No, just science content  

 



Not Methods! 

• This course is about thinking scientifically   

 and doing science 

 



Designed specifically for the pre-service 
elementary teacher 

• Learn about and do scientific and Engineering 
Practices as described in K-7 content standards  
 

• At college level to push your minds at the an 
appropriate level 

– Research: you sorted through different sources on 
mitosis and meiosis 

– Your students will research content listed in the 
standards for their grade. 

– Generalizations:  sympathetic vibration vs. resonance 

 



Colorado Academic Standards  
Science 

Science is facts; just as houses are made of 
stone, so is science made of facts; but a pile of 
stones is not a house, and a collection of facts is 
not necessarily science.”  
--Jules Henri Poincaré (1854-1912) French mathematician. 



Science is both a body of knowledge that represents 
the current understanding of natural systems, and the 

process whereby that body of knowledge has been 

established and is continually extended, refined, 

and revised. Because science is both the knowledge of 
the natural world and the processes that have 
established this knowledge, science education must 

address both of these aspects. 

Colorado Academic Standards  
Science 



THE Scientific Method  

• Most common (and often only) practice 
taught in schools 

 

Has this class explicitly taught the Scientific 
Method? 

A. Yes, in nearly every lesson 

B. Yes, as one example of many 

C. No 



Scientific Method 

1. Define a question 

2. Gather information and resources (observe) 

3. Form an explanatory hypothesis 

4. Test the hypothesis by performing an experiment and collecting 
data in a reproducible manner 

5. Analyze the data 

6. Interpret the data and draw conclusions that serve as a starting 
point for new hypothesis 

7. Publish results 

8. Retest (frequently done by other scientists) 

The iterative cycle inherent in this step-by-step method goes from 
point 3 to 6 back to 3 again. 

 

 



Scientific Method 

 While this outlines a typical hypothesis/testing method, it 
should also be noted that a number of philosophers, 
historians and sociologists of science claim that such 
descriptions of scientific method have little relation to 
the ways science is actually practiced. 

 

Consider Derry Pathways or 

Mendeleev’s creation of the periodic table or 

Your magic bead discoveries or  

 



Hypothesis 

How many times have you been asked to make a 
hypothesis in this class? 

 

A. Never 

B. Once 

C. 1-5 

D. Every week 

E. Daily 



theoretical, hypothetical explanations of 
observations and measurements of the subject 

Hypothesis 

reasoning including logical deduction from the 
hypothesis or theory 

Prediction 



The role of the hypothesis 

A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas 
(2012), Board on Science Education (BOSE), National Academies Press 
 

http://www.nap.edu/openbook.php?record_id=13165&page=46
http://www.nap.edu/catalog.php?record_id=13165
http://www.nap.edu/catalog.php?record_id=13165
http://www.nap.edu/catalog.php?record_id=13165


Over emphasis of the Hypothesis 

• Structured format “If, then” unrealistic  

     and just plain incorrect.  That’s a prediction  

 

“birds forage more efficiently in larger flocks” 

“watching excessive amounts of television reduces 
a persons ability to concentrate” 

“Machu Picchu was the birthplace of the first Inca 
and the hearth area of the Inca civilization” 

 



Generalization 

• Dry organic materials burn 

• A musical instrument requires a source of 
vibration, a way to change the pitch, a way to 
amplify the sound (move lots of air). 



Over emphasis of the Hypothesis 

 

“birds forage more efficiently in larger flocks” 

 

“watching excessive amounts of television 
reduces a persons ability to concentrate” 

 



 Hypothesis = Generalization 

• Structured format “If, then” unrealistic  

• Asked at the beginning of every experiment or 
lab 

• Creates student frustration because they are 
not adequately prepared to formulate a 
hypothesis 

• K-3 standards don’t even mention the word! 



Learning Goals 

Straight forward to assess 

Explain what a person can do after experiencing the 
lesson. 

 

Good Example: 

Students will be able to provide an example of 
something that undergoes Meiosis. 

Bad example: 

Students will understand meiosis 



Scientific and/or Engineering Practices 
learning goals 

• As a group pick one person’s project and 
create the Scientific and/or engineering 
practice learning goals 


