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Workshop Layout

• Welcome & Overview
• Update on Engineering Accreditation
• Integrated Course Design (CAP Model)

– Content
– Assessment
– Pedagogy 

• Integrated Course Design Approaches
• Wrap-up and Next Steps



Session Objectives

• Participants will be able to describe key 
elements of:
– Integrated course design – CAP model
– Variety of integrated course design 

approaches
– Teaching and Learning assessment 

strategies
• Participants will begin applying key 

elements to the design/re-design of a 
course



Background Knowledge Survey

• Level of Familiarity with
– International Accreditation Outcomes
– Approaches to Course Design
– Assessment Strategies
– Pedagogy 

• Responsibility
– Individual course
– Program
– Accreditation



Engineering Accreditation

Accreditation.org (shown at 
left)

Sample Outcome Criteria
• USA
•Japan
•Canada
•Ireland

Historical Developments
•Boeing – Employee 
Checklist
•Global Engineer

NAE Engineer of 2020 –
Successful attributes

Purdue Future Engineer
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It could well be that faculty members 
of the twenty-first century college or 
university will find it necessary to set 
aside their roles as teachers and 
instead become designers of learning 
experiences, processes, and 
environments. 
James Duderstadt, 1999 [Nuclear 
Engineering Professor;  Dean, Provost 
and President of the University of 
Michigan]
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Integrated Course Design  Integrated Course Design  
(Fink, 2003)(Fink, 2003)

1. Situational Factors1. Situational Factors

2. Learning Goals2. Learning Goals

3. Feedback and Assessment3. Feedback and Assessment

4. Teaching/Learning Activities4. Teaching/Learning Activities

5. Integration5. Integration

Initial Design Phase

CAP Design Process FlowchartCAP Design Process Flowchart



Model 1
 

The Key Components Of INTEGRATED COURSE DESIGN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One of the benefits of this model is that it allows us to see the importance  S i t u a t i o n a l     F a c t o r s 

Teaching 
and 

Learning 
Activities

Feedback &
Assessment

Learning 
Goals

A Self-Directed Guide to Designing Courses for Significant Learning
L. Dee Fink. 2003. Creating significant learning experiences. Jossey-Bass.



CAP Design Process (ShawnCAP Design Process (Shawn’’s Model)s Model)
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Resources

• Bransford, Vye and 
Bateman – Creating 
High Quality Learning 
Environments

• Pellegrino –
Rethinking and 
Redesigning 
Curriculum, 
Instruction and 
Assessment

http://books.nap.edu/openbook.php?record_id=10239&page=159

http://www.skillscommission.org/commissioned.htm



Designing Learning 
Environments Based on HPL 

(How People Learn)



Backward Design
Wiggins & McTighe

Stage 1.  Identify Desired Results

Stage 2.  Determine Acceptable Evidence

Stage 3.  Plan Learning Experiences
and Instruction

Wiggins, Grant and McTighe, Jay. 1998. Understanding by Design. Alexandria, VA: ASCD



Content Resources

• Donald, Janet. 2002. Learning to think: 
Disciplinary perspectives. San Francisco: 
Jossey-Bass.

• Middendorf, Joan and Pace, David. 2004. 
Decoding the Disciplines: A Model for Helping 
Students Learn Disciplinary Ways of Thinking. 
New Directions for Teaching and Learning, 98.

• Krajcik, Joseph; McNeill, Katherine L.; Reiser, Brian J. 2008. 
Learning-Goals-Driven Design Model: Developing Curriculum 
Materials that Align with National Standards and Incorporate Project-
Based Pedagogy. Science Education, 92(1), 1-32.





Worksheet 1
Worksheet for Designing a Course/Class Session/Learning Module

6.

5.

4.

3.

2.

1.

(e.g., people, things)Activities:This Kind of Learning:Learning Goals for 
Course/Session/Module:

Helpful Resources:Actual Teaching-LearningWays of Assessing 



Backward Design
Stage 1.  Identify Desired Results

Filter 1.  To what extent does the idea, topic, or 
process represent a big idea or having 
enduring value beyond the classroom?

Filter 2.  To what extent does the idea, topic, or 
process reside at the heart of the discipline?

Filter 3.  To what extent does the idea, topic, or 
process require uncoverage?

Filter 4.  To what extent does the idea, topic, or 
process offer potential for engaging           
students?



Understanding Understanding

Stage 1. Identify Desired Results
Focus Question: What does it mean to 
“understand”?

Stage 2. Determine Acceptable Evidence
Focus Questions: “How will we know if students 
have achieved the desired results and met the 
standards? What will we accept as evidence of 
student understanding and proficiency (Wiggins 
& McTighe)



Understanding Misunderstanding

A Private Universe – 21 minute video available from 
www.learner.org

Also see Minds of our own (Annenberg/CPB Math and 
Science Collection – www.learner.org)

1. Can we believe our eyes? 
2. Lessons from thin air
3. Under construction

Teaching Teaching & Understanding Understanding -
http://www.daimi.au.dk/~brabrand/short-film/index-gv.html



http://hub.mspnet.org/index.cfm/12746

The Interaction Between the Science Content Knowledge of Teachers and Their 
Students 



Taxonomies

Bloom’s taxonomy of educational objectives: Cognitive Domain 
(Bloom & Krathwohl, 1956)

A taxonomy for learning, teaching, and assessing: A revision of 
Bloom’s taxonomy of educational objectives (Anderson & 
Krathwohl, 2001).

Evaluating the quality of learning: The SOLO taxonomy (Biggs & 
Collis, 1982)

Facets of understanding (Wiggins & McTighe, 1998)

Taxonomy of significant learning (Fink, 2003)

A taxonomic trek: From student learning to faculty scholarship 
(Shulman, 2002)



AnalyzeApply

Metacognitive Knowledge –
Knowledge of cognition in general as well as 
awareness and knowledge of one’s own 
cognition.
a. Strategic knowledge
b. Knowledge about cognitive tasks, 
including appropriate contextual and 
conditional knowledge
c. Self-knowledge

Procedural Knowledge – How to 
do something; methods of inquiry, and 
criteria for using skills, algorithms, 
techniques, and methods.
a. Knowledge of subject-specific skills and 
algorithms
b. Knowledge of subject-specific techniques 
and methods
c. Knowledge of criteria for determining 
when to use appropriate procedures

Conceptual Knowledge – The 
interrelationships among the basic elements 
within a larger structure that enable them to 
function together.
a. Knowledge of classifications and 
categories
b. Knowledge of principles and 
generalizations
c. Knowledge of theories, models, and 
structures

Factual Knowledge – The basic 
elements that students must know to be 
acquainted with a discipline or solve 
problems in it.
a. Knowledge of terminology
b. Knowledge of specific details and 
elements

CreateEvaluateUnderstandRemember

The Cognitive Process DimensionThe Cognitive Process Dimension
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(Anderson & Krathwohl, 2001).



Distinguish
Compare
Contrast
Deduce

Analyze
Breaking 
material 
into its 

constituent 
parts and 
detecting 
how the 

parts 
relate to 

one 
another 

and to an 
overall 

structure 
or purpose

Employ
Translate
Demonstrate
Examine

Apply
Carrying 

out or 
using a 

procedure 
in a given 
situation

Arrange
Combine
Construct
Propose

Select
Defend
Interpret
Discriminate

Restate
Describe
Identify
Express

Recall
Define
Relate
Review

Create
Putting 

elements 
together 
to form a 

novel, 
coherent 
whole or 
make an 
original 
product

Evaluate
Making 

judgments 
based on 

criteria and 
standards

Understand
Determining 
the meaning 

of 
instructional 
messages, 
including 

oral, written, 
and graphic 
communicati

on. 

Remember
Retrieving 
relevant 

knowledge 
from long-

term 
memory 

The Cognitive Process DimensionThe Cognitive Process Dimension



Metacognitive Knowledge – Knowledge of cognition in general as well as 
awareness and knowledge of one’s own cognition.
a. Strategic knowledge
b. Knowledge about cognitive tasks, including appropriate contextual and 
conditional knowledge
c. Self-knowledge

Procedural Knowledge – How to do something; methods of inquiry, and 
criteria for using skills, algorithms, techniques, and methods.
a. Knowledge of subject-specific skills and algorithms
b. Knowledge of subject-specific techniques and methods
c. Knowledge of criteria for determining when to use appropriate procedures

Conceptual Knowledge – The interrelationships among the basic elements 
within a larger structure that enable them to function together.
a. Knowledge of classifications and categories
b. Knowledge of principles and generalizations
c. Knowledge of theories, models, and structures

Factual Knowledge – The basic elements that students must know to be 
acquainted with a discipline or solve problems in it.
a. Knowledge of terminology
b. Knowledge of specific details and elements
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Facets of Understanding
Wiggins & McTighe, 1998, page 44

When we truly understand,we
Can explain
Can interpret
Can apply
Have perspective
Can empathize
Have self-knowledge





Dee Fink – Creating Significant Learning Experiences 

A TAXONOMY OF SIGNIFICANT LEARNING 

1. Foundational Knowledge 

•  "Understand and remember" learning 

For example: facts, terms, formulae, concepts, principles, etc. 

2. Application 

• Thinking: critical, creative, practical (problem-solving, decision-making)

• Other skills 

For example: communication, technology, foreign language 

• Managing complex projects 

3. Integration 

• Making "connections"  (i.e., finding similarities or interactions) . . .  

Among: ideas, subjects, people 

4. Human Dimensions 

• Learning about and changing one's SELF 

• Understanding and interacting with OTHERS 

5. Caring 

• Identifying/changing one's feelings, interests, values 

6. Learning How to Learn 

• Becoming a better student 

• Learning how to ask and answer questions 

• Becoming a self-directed learner 



Backward Design

Stage 2.  Determine Acceptable Evidence
Types of Assessment

Quiz and Test Items:
Simple, content-focused test items

Academic Prompts:
Open-ended questions or problems that 
require the student to think critically

Performance Tasks or Projects: 
Complex challenges that mirror the issues or 
problems faced by graduates, they are authentic



Backward Design

Stage 3. Plan Learning Experiences & Instruction

• What enabling knowledge (facts, concepts, and 
principles) and skills (procedures) will students need to 
perform effectively and achieve desired results?

• What activities will equip students with the needed 
knowledge and skills?

• What will need to be taught and coached, and how 
should it be taught, in light of performance goals?

• What materials and resources are best suited to 
accomplish these goals?

• Is the overall design coherent and effective?



Pedagogies of Engagement



Lila M. Smith



Lila M. Smith



January 2, 2009—Science, Vol. 323 
www.sciencemag.org

Calls for evidence-based teaching practices

MIT & Harvard – Engaged Pedagogy

January 13, 2009—New York Times
http://www.nytimes.com/2009/01/13/us/13physics.html?em



http://web.mit.edu/edtech/casestudies/teal.html#video



http://www.ncsu.edu/PER/scaleup.html



Challenged-Based Learning
• Problem-based learning
• Case-based learning
• Project-based learning
• Learning by design
• Inquiry learning
• Anchored instruction

John Bransford, Nancy Vye and Helen Bateman. Creating High-Quality 
Learning Environments: Guidelines from Research on How People Learn 



https://repo.vanth.org/portal/public-content/star-legacy-cycle/star-legacy-cycle



Cooperative Learning
•Positive Interdependence
•Individual and Group Accountability
•Face-to-Face Promotive Interaction
•Teamwork Skills
•Group Processing



Cooperative Learning Research Support 
Johnson, D.W., Johnson, R.T., & Smith, K.A.  1998.  Cooperative learning returns to 

college: What evidence is there that it works?  Change, 30 (4), 26-35.

• Over 300 Experimental Studies
• First study conducted in 1924
• High Generalizability
• Multiple Outcomes

Outcomes

1. Achievement and retention
2. Critical thinking and higher-level

reasoning
3. Differentiated views of others
4. Accurate understanding of others' 

perspectives
5. Liking for classmates and teacher
6. Liking for subject areas
7. Teamwork skills

January 2005 March 2007



Faculty interest in higher levels of 
inquiry in engineering education

Source: Streveler, R., Borrego, M. and Smith, K.A. 2007. Moving from the “Scholarship of Teaching and 
Learning” to “Educational Research:” An Example from Engineering. Improve the Academy, Vol. 25, 139-149.

• Level 0 Teacher
– Teach as taught

• Level 1 Effective Teacher
– Teach using accepted teaching theories and practices

• Level 2 Scholarly Teacher
– Assesses performance and makes improvements

• Level 3 Scholar of Teaching and Learning
– Engages in educational experimentation, shares results

• Level 4 Engineering Education Researcher
– Conducts educational research, publishes archival papers



Session Summary
(Minute Paper)

Reflect on the session:

1. Most interesting, valuable, useful thing you 
learned.

2. One thing you’d be willing to try
3. Questions/Comments

4. Pace: Too slow 1 . . . . 5 Too fast
5. Relevance: Little 1 . . . 5 Lots
6. Instructional Format: Ugh 1 . . . 5 Ah



Q4 – Pace: Too slow 1 . . . . 5 Too fast (2.7)
Q5 – Relevance: Little 1 . . . 5 Lots (4.3)
Q6 – Format: Ugh 1 . . . 5 Ah (4.1)
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