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Equations of Juggling

F = time ball’s in the air 
D = time ball’s a hand, 
V = time a hand is vacant
N = # balls
H = # hands. 

[1] Scientific Aspects of Juggling. In Claude Elwood Shannon: Collected Papers. Edited by 
N.J.A. Sloane and A. D. Wyner. IEEE Press, 1993.

[2]The Science of Juggling, by Peter J. Beek and Arthur Lewbel, Scientific American, 
November, 1995, Volume 273, Number 5, pages 92-97. 

3-Ball Cascade 

[2]x(t) = x(0) + vx(0)⋅t 
y(t) = y(0) + vy(0)⋅t - 0.5⋅g⋅t2

(F+D)H=(V+D)N

http://www2.bc.edu/~lewbel/


Roadmap
¢ What we know about learning
¢ Planning backwards for better learning

l Articulating Desired Learning 
Outcomes

l Designing Effective Problem Set & 
Exam Questions

l Active learning
¢ Summary/Advice
¢ Resources



Objectives of the Session
By the end of today’s session you will be able 

to:
¢ Plan backwards to design and deliver more 

effective courses.
¢ identify key learning objectives for the 

courses you teach.
¢ create effective p-set & exam questions
¢ develop active learning strategies to help 

students learn difficult concepts from your 
field.



Before we get too far…

Index Card #1
l Identify a subject/topic/course that you

teach or are likely to teach.
l Write down 1 or 2 concepts from that 

subject that you think students find 
found particularly challenging to 
understand.



What We Know about 
Learning
¢ Learning is an active process

l Meaning making
l Model building
l Occurs continually

¢ Prior knowledge plays a key role
¢ (Authentic) Problems motivate learning
¢ Context is critical
¢ Stimulation and reflection are crucial
¢ Deep learning allows for forward and 

backward transfer



The importance of building 
on existing knowledge
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Framework is key…
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1. Planning Backwards:
Establishing Learning Outcomes



Planning backwards can help 
you design & deliver a more 
effective course

Wiggins & McTighe, Understanding by Design, p. 18

Assignments & 
Assessments

Course 
Outcomes

Learning 
Experiences & 
Instruction

What’s important? How do you know if 
they get it?

How do you help 
them get it?

delivery (time)



You may find it helpful to consider 
Learning Outcomes in terms of 
Knowledge, Skills & Attitudes
Knowledge What students should know 

and understand by the time 
the course is completed?

Skills What students should be able 
to do by the time the course is 
completed?

Attitudes/
Attributes

For example, how confident 
students are that they can 
perform identified skills?



Your learning outcomes should 
address a range of cognitive 
abilities

create

evaluate

analyze

remember

understand

apply

Bloom (1956), Anderson et al (2001)

new information is integrated with 
existing schemas and cognitive 

frameworks

make judgments based
on criteria and standardsutilize procedures to 

perform exercises or solve 
problems

divide material into its constituent 
parts and determine how the parts 
are related to each other and to an 

overall structure

put elements together to form a 
coherent or functional whole



Use Active verbs to articulate your 
learning outcomes

• analyze • appreciate • classify • collaborate
• compare • compute • contrast • define
• demonstrate • direct • derive • designate
• discuss • display • evaluate • explain
• identify • integrate • interpret • justify
• list • name • organize • outline
• report • respond • solicit • state
• synthesize …



Learning Outcomes:  
Examples 
Students successfully completing 16.030/040 

will be able to:
1. Demonstrate an understanding of the 

fundamental properties of linear systems, 
by explaining the properties to others.

2. Use linear systems tools, especially 
transform analysis and convolution to 
analyze & predict the behavior of linear 
systems.

3. Appreciate the importance of linear 
systems analysis in aerospace systems.

2

2.  From Prof. Steven Hall’s “Signals & Systems Module 
in Unified Engineering (16.01-16.04)



Learning Outcomes are NOT 
Just Topics
When establishing learning Outcomes  
ask yourself the following questions:
Are the learning outcomes:

• stated from the learner’s perspective 
(“You will be able to…”?

• measureable?  What will I accept as 
evidence that learning has occurred?

• clearly stated?



Think-Write

Index Card #2

¢ For the course that you identified on 
on  Index Card #1, write down at 
least 2 learning outcomes.  



2. Planning Backwards:
Creating meaningful 
assignments & assessments



Planning backwards can help 
you design & deliver a more 
effective course

Wiggins & McTighe, Understanding by Design, p. 18

Assignments & 
Assessments

Course 
Outcomes

Learning 
Experiences & 
Instruction

What’s important? How do you know if 
they get it?

How do you help 
them get it?

delivery (time)



The types of  assessments you use and 
the cognitive skills that they access 
should support your learning outcomes

Consider a problem or question that you use
o What level of Bloom’s does it access?
o Does it support any of the learning 

outcomes you previously i.d.’d?
o Rewrite/cast the problem to move é & ê

Bloom’s

create
evaluate
analyze

remember
understand

apply



3. Planning Backwards:
Designing Learning 
Experiences & Instruction



Planning backwards can help 
you design & deliver a more 
effective course

Wiggins & McTighe, Understanding by Design, p. 18

Assignments & 
Assessments

Course 
Outcomes

Learning 
Experiences & 
Instruction

What’s important? How do you know if 
they get it?

How do you help 
them get it?

delivery (time)



What is active learning?

“. . . Interactive engagement of students 
in heads-on (always) and hands-on 
(usually) activities which yield 
immediate feedback through 
discussions with peers and/or 
instructors.” 

Richard Hake, Professor Emeritus, 
Department of Physics, Indiana University.



Active Learning

• Q & A
• Discussion
• Seat Work
• Group Work



Utilize a variety of time 
scales for active learning
¢ < 30 seconds

l Content question/remembering.
What’s the distance to the moon?

¢ 1 – 5 minutes
l Conceptual questions
l Think/write

¢ 5 – 15 minutes
l Question/demo followed by pair/share

¢ 15 – 40 minutes
l Larger question
l Additional iterations

We’ve been engaging in 
a variety of these 

strategies/scales today



Make sure to give 
students enough time!!

¢ THIS is 30 seconds



Index Card #3
Please write down a topic or concept from 

today’s discussion that you would like to 
know more about.

< 3 minute method: MUD cards can help you 
determine the clear & muddy points of your 
lecture, and to i.d. student misconceptions



When tapped, do you think the thicker
block will display a tone that is:
a. higher than 
b. lower than
c. the same as 

the thinner block?

5-15 minute method: Ask for student 
predictions BEFORE a conclusion is drawn.  
Students who are vested in the outcome will 
be more engaged.

• Vote
• Discuss with partner
• Vote again

Polya, 1965



Active Learning Strategies 
that Promote Learning 

• Think – write - solve
• Pair-share
• Collective problem solving
• MUD cards 
• PBL
• Authentic learning



Pair-Share

Index Card #4
¢ With a partner discuss how you finally 

understood the “difficult” concept that 
you i.d.’d on Index Card #1.

¢ Write down some active learning or 
other strategies that might help 
students understand that concept.



Seven Pieces of Advice
1. Start with learning objectives.
2. Provide context and authenticity.
3. Create problems & questions that advance 

learning outcomes & support the development 
of a range of cognitive abilities.

4. Offer opportunities for active, engaged 
classroom experiences.

5. Create opportunities to learn what students 
know.

6. Monitor and adjust to student understanding
7. Give yourself time to reflect on the class.



For more information
¢ Tomorrow’s Professor’s Listserv

http://ctl.stanford.edu/Tomprof/index.shtml

¢ Disciplinary Societies:
l American Society of Engineering Education
l Center for the Advancement of Engineering

Education (CASEE)
l Journal of Engineering Education

http://ctl.stanford.edu/Tomprof/index.shtml

