
Online Science Showcase 

How others are using innovative 
approaches for delivering science 
courses online – And you can too. 



About Me 

• Work at MSU in the  
Center for Faculty Excellence 

• Provide professional development in 
technology to faculty (and K-12 teachers) 
across disciplines 

• Have worked on many online science courses 
and resources over the past 15 years 

• Why do I care?  
(hint: BA, MS in Geology and Geophysics) 

• Professional development as performance art 
• Look at the blog… 



About You 

• This workshop is a discussion, in which the 
speaker may at times make lucid, and at other 
times outlandish statements.  

 
 Your job is to challenge all of them. 



Special thanks to 

• John Graves 
• Bob Wilson 
• Jim Vanides 
• Larry Kirkpatrick 
• Eric Brunsell 
• Ron Hellings 
• Paul Andersen 
• Glenna Burg 
• My MSSE students! 



What is “Innovative”? 

• On a sliding scale… 

…It’s personal 

…and it should be fun 

Start 
here 

End 
here 

http://www.flickr.com/photos/casch/ 

http://www.flickr.com/photos/mikebaird/ 



Underlying theme (and variations) 

• “Seven Principles For Good Practice in 
Undergraduate Education”, Chickering and 
Gamson, 1987 
(is he really citing something from 1987?) 

 

• And, “Implementing the Seven 
Principles: Technology as a Lever”, Chickering 
and Ehrmann, 1996 
 (that’s better, but it’s still 17 years old!) 

 



What are those “good practices in 
undergraduate education”? 

Good practice… 
1. Encourages contact between students and faculty 

 
2. Develops reciprocity and cooperation among students. 

 
3. Encourages active learning. 

 
4. Gives prompt feedback. 

 
5. Emphasizes time on task. 

 
6. Communicates high expectations. 

 
7. Respects diverse talents and ways of learning. 



Good practice in undergraduate education: 
Leveraging Technology – Existing/Emerging 
 

1. Encourages contact between students and faculty 

• Discussions, email, phone 

2. Develops reciprocity and cooperation among students. 

• Discussions, collaboration/project tools 

3. Encourages active learning. 

• Websites and Simulation tools outside the LMS, kitchen labs, software 

4. Gives prompt feedback. 

• Discussions, email, blogs, chat, comments, alt assessments and quiz feedback 

5. Emphasizes time on task. 

• Access to resources, simulations, steal “beer time” 

6. Communicates high expectations. 

• Rubrics, publish to the world, peers, present high quality models and examples 

7. Respects diverse talents and ways of learning. 

• Multiple modes of presenting and consuming learning resources: print, video, 
pacing, learning paths 



Good practice in undergraduate education: 
Leveraging Technology – Emerging/Future 

 

1. Encourages contact between students and faculty 

• Discussions, email, synchronous voice/video/data tools 

2. Develops reciprocity and cooperation among students. 

• Wikis, blogs, social media 

3. Encourages active learning. 

• Mobile content review, data sampling, informal investigation 

4. Gives prompt feedback. 

• How fast do you need it?  Media-rich referrals and remediation. 

5. Emphasizes time on task. 

• Increased opportunities for informal learning 

6. Communicates high expectations. 

• Modern tools allow for high quality project work, peer review 

7. Respects diverse talents and ways of learning. 

• Rich multi-modal content, assistive learning, universal design 



Discuss 

• What, if anything, is different about teaching 
science online? (hint coming up) 



Discuss 

• What, if anything, is different about teaching 
science online? 
– Could it have something to do with the nature of 

scientific inquiry? 
(Did you know that the National Science Education Standards 
state that "inquiry is central to science learning” ?)  



Another guiding principle 

• What makes a good online (science) course? 
What is the role of Constructivism, Inquiry, ? 
 

• Spoiler alert: 
“Good online teaching is still just good teaching.  
A good online science course has as its 
foundation, a good science course.  
But it can be even better.” 

  
…Good opportunity to argue with the presenter… 

(see http://www.edutopia.org/blog/science-inquiry-claim-evidence-reasoning-eric-brunsell, 
includes Kerry Emmanuel Interview.) 
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Setting the stage for Constructivism 

• Thinking about the 5 E’s 
Engage, Explore, Explain, Extend (or 
Elaborate), and Evaluate 

 (Roger Bybee, BSCS, 1997) 

“…learners test new ideas against that which they already 
believe to be true. If the new ideas seem to fit in with their 
pictures of the world, they have little difficulty learning the 
ideas  … if the new ideas don’t seem to fit the learners’ 
picture of reality then they won’t seem to make sense. 
Learners may dismiss them … or eventually accommodate 
the new ideas and change the way they understand the 
world” (Colburn 2003) 

Bybee, R. W. 1997. Achieving scientific literacy: From purposes to practices. Portsmouth, NH: Heinemann. 
Colburn, A. 2003. The lingo of learning: 88 education terms every science teacher should know. Arlington, VA: NSTA 
Press.   In: http://learningcenter.nsta.org/files/PB186X-4.pdf 



Thinking like a scientist 

• What if everyone thought like a scientist? 

• How do we get them to differentiate between 
knowing and being able to do – “You know 
how to change a tire, but can you find the 
jack?” 

• How do we get them (or maybe just a few of 
them, i.e., our students) there? 



Inquiry, 1 

The National Research Council (1996) states that “inquiry 
into authentic questions generated from student 
experiences is the central strategy for teaching science.”  
Inquiry teaching as described by the NRC has the 
following essential features: (my emphasis) 

1. The learner engages in scientifically oriented questions. 
2. The learner gives priority to evidence in responding to 
questions. 
3. The learner formulates explanations from evidence. 
4. The learner connects explanations to scientific knowledge. 
5. The learner communicates and justifies explanations. 

 



Inquiry, 2 

What does “inquiry-based instruction” mean? 

“’The creation of a classroom where students are engaged in essentially 
open-ended, student centered, hands-on activities.” This definition embraces 
several different approaches to inquiry-based instruction, including: 

• Structured inquiry — The teacher provides students with a hands-on 
problem to investigate, as well as the procedures, and materials, but does 
not inform them of expected outcomes. Students are to discover 
relationships between variables or otherwise generalize from data 
collected. 

• Guided inquiry—The teacher provides only the materials and problem to 
investigate. Students devise their own procedure to solve the problem. 

• Open inquiry—This approach is similar to guided inquiry, with the 
addition that students also formulate their own problem to investigate. 

Open inquiry, in many ways, is analogous to doing science. Science fair 
activities are often examples of open inquiry.” 

From “An Inquiry Primer” by Alan Colburn (http://learningcenter.nsta.org/product_detail.aspx?id=10.2505/4/ss00_023_06_42) 



Inquiry, 3 

The National Science Education standards point out that students 
engaging in science inquiry will demonstrate the following 
behaviors:  

• "Describe objects and events.”  

• "Ask questions.”  

• “Construct explanations.”  

• "Test explanations against current scientific knowledge.”  

• "Communicate their ideas to others.”  

• "Identify their assumptions.”  

• "Use critical and logical thinking.”  

• "Consider alternative explanations.”  

http://www.justsciencenow.com/inquiry/ 



Inquiry - Technology as a lever 
Examples 

Andersen – Intro and Sim 

 

 

Graves – Kitchen Science 

 

 

 

 

 

Bozeman Biology - YouTub#23BE37 

Andersen-Series and Para#23BE6D 

air_pressure_cans_-_Flas#23B633 

air_pressure_mat_-_Flash#23B541 air_pressure_paper_towel#23B709 

http://www.youtube.com/user/bozemanbiology
http://www.youtube.com/user/bozemanbiology
http://www.youtube.com/user/bozemanbiology
http://www.youtube.com/user/bozemanbiology
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http://www.youtube.com/watch?v=x2EuYqj_0Uk
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure cans/air_pressure_cans_-_Flash_(Small)_-_20120609_11.59.29AM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure cans/air_pressure_cans_-_Flash_(Small)_-_20120609_11.59.29AM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure mat/air_pressure_mat_-_Flash_(Small)_-_20120609_04.21.21PM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure mat/air_pressure_mat_-_Flash_(Small)_-_20120609_04.21.21PM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure mat/air_pressure_mat_-_Flash_(Small)_-_20120609_04.21.21PM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure mat/air_pressure_mat_-_Flash_(Small)_-_20120609_04.21.21PM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure paper towel/air_pressure_paper_towel_-_Flash_(Small)_-_20120609_05.16.57PM.html
https://camtasia.msu.montana.edu/Relay/Files/m94n654/air pressure paper towel/air_pressure_paper_towel_-_Flash_(Small)_-_20120609_05.16.57PM.html


Inquiry - Technology as a lever 
Examples 

D2L 

 

 

Phet 

 

 

Khan 

 

Etc. 

Challenges of Laparoscop#23D419 

Chemistry | Khan Academy Groups of the Periodic Table 
Stoichiometry | Chemical Moles-Mass 

Homepage - Conceptual Ph#23BA62 

Homepage - Elect Circuit#23BA6D 

Homepage - Science of So#23BA53 

Circuit Construction Kit#23BB38 

pH Scale - pH, Hydronium#23C5CA 

Acid Base pH PhET Lab - #23C5C5 

http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_surg/cub_surg_lesson01_activity1.xml
http://www.teachengineering.org/view_activity.php?url=collection/cub_/activities/cub_surg/cub_surg_lesson01_activity1.xml
http://www.khanacademy.org/science/chemistry
http://www.khanacademy.org/science/chemistry
http://www.khanacademy.org/science/chemistry/periodic-table-trends-bonding/v/groups-of-the-periodic-table
http://www.khanacademy.org/science/chemistry/periodic-table-trends-bonding/v/groups-of-the-periodic-table
http://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/stoichiometry
http://www.khanacademy.org/science/chemistry/chemical-reactions-stoichiometry/v/stoichiometry
https://ecat.montana.edu/d2l/home/212700
https://ecat.montana.edu/d2l/home/212700
https://ecat.montana.edu/d2l/home/212685
https://ecat.montana.edu/d2l/home/212685
https://ecat.montana.edu/d2l/home/212685
https://ecat.montana.edu/d2l/home/212685
https://ecat.montana.edu/d2l/home/212685
https://ecat.montana.edu/d2l/home/237822
https://ecat.montana.edu/d2l/home/237822
http://phet.colorado.edu/en/simulation/circuit-construction-kit-dc
http://phet.colorado.edu/en/simulation/circuit-construction-kit-dc
http://phet.colorado.edu/en/simulation/ph-scale
http://phet.colorado.edu/en/simulation/ph-scale
http://phet.colorado.edu/en/contributions/view/3284
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Questions to ask yourself as you build 
an inquiry-rich course… 

• Who will be my audience? (more on that later) 

• What is my teaching style, strength, 
approach? 

• What tools will I use, which ones will they be 
familiar with, which will they need to learn? 

• If I were assigned an existing (well designed) 
online course, how would it be different when 
I taught it? 



Audience 

• Does it matter who you are teaching? 
– College, High School, Professionals, Freshmen, 

Graduates, Educators, Longshoremen, … 

• Why does it matter?... 



Audience 

• Does it matter who you are teaching? 
– College, High School, Professionals, Freshmen, 

Graduates, Educators, Longshoremen, … 

• Why does it matter?... 

Motivation, Preparation 



Creating learning opportunities 

• Formal / scaffolded 

• Informal / quasi-, or unscaffolded 

• Life at the Intersection:  
Set up the opportunities and let ‘er loose. 

• The role of mobile, mobile, mobile? 

• Getting dirty – labs and “thoughtful play”  
(or, how to blow things up and not get in trouble) 



The Value of Verbal 

• Communications / Projects / Video, Multimedia 
For your students: 
– Build learning communities. (Sometimes). 
– Capitalize on Reflection. 

– Allow opportunities to paraphrase,  
via peer instruction, collaboration, projects. 

– The 14-year-old daughter explains science… 
– (AND What do early studies from MOOCs tell us?) 

 
You (Bonus!): 
– Rapid response tools for misconceptions 
– Provide Feedback, Reinforcement 
– Model scientific communications, behavior 



Creating learning opportunities 

• Universal Design 
– Because it improves the overall design of a course 

– Because it benefits all students 

– Because it’s the right thing to do 
 

– About my friend, Jim B. 



Content in the digital age 

• How to find, vet, create, beg, borrow, steal 
content. 

– What if it is “lame”? (MSSE example) 

• When you create it – Video as an enabler of 
inquiry for student and teacher. 



Assessment 
(this is actually 6 slides) 

• Pre? Setting the stage (create relevance, Engage) 

• Formative tools and opportunities 

• The value of competition. Sometimes. (gaming) 

• Grading - Beyond multiple choice 

• What does mastery look like to you? How do you 
know when they are there? 
(badges? We don’t got to show you no stinkin’ badges!) 

• Alternative assessment – why, when, how, what? 

 



And what I learned from the 
practitioners (and other motherhood statements) 

• There is no one size fits all. 

• Scaffold until you can scaffold no more. 

• Sometimes communities don’t coalesce, and that’s okay. 

• Play to your unique strengths. 

• Personalize it  (                               ) 

• Always have a call to action: Students should ask ‘what if’, and 
then act. 

• Be present, but not pushy. 

• Online represents far more opportunities than barriers. Use it 
for what it is good for. 

• Inquiry inquiry inquiry. 

Andersen-Plate Tectonics 

http://www.youtube.com/watch?v=JmC-vjQGSNM&feature=endscreen&NR=1
http://www.youtube.com/watch?v=JmC-vjQGSNM&feature=endscreen&NR=1


What they do 

• Graves – Open inquiry (what happens when you 
do this?), setting the stage and a call to action 

• Wilson – Docs, Kitchen labs, full blown kits 

• Vanides – Scaffolding, Rubrics, communications 

• Andersen – Use of video, gaming and competition 

• Hellings – mini-videos 

• Brunsell – external online resources 

• Kirkpatrick – Use of humor 



Lions and Tigers and MOOC’s 

• Oh my. 

• Do we dare go there? 
– Lessons we are learning 

– Single data points 



Exercise – Rescue a  
floundering online science class 

 

• The Scenario 
 

• What should the instructor do?  
– What would you do? 



Stop here. 

 


