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Course Design Matrix: 
An innovative approach to develop and evaluate a course 
based on taxonomy of significant learning. 
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Abstract  

 

This project report introduces a structural approach to design a new course based on 
learning objectives. A list of topics, teaching & learning activities and assessment methods 
are integrated into a learning goal based matrix. This matrix transforms the traditional lay 
out of topics in sequence into a multi dimensional course structure. The course matrix can 
also be utilized in developing curriculum for various programs. 
 

1. Introduction  
 

Many scholars have urged college teachers to shift from content centered learning to a 
learning/student centered approach. Many studies and research prove that learning/student 
centered teaching results in a deeper comprehension of the material. 

 

There are two basic ways to develop a course. The traditional approach is listing the topics. 
This is the most common and quickest way to put a course together.  First, the instructor 
creates a list of topics; then proceeds to work on lectures on each topic. Additionally, the 
instructor interjects a midterm and final exam. The course is ready to go. The advantage of 
this traditional method is that it is very easy and logical, as the instructor is typically very 
familiar with the subject. The down side of this method is that it focuses only on the 
foundational knowledge and pays little attention to whether students learn and understand 
the topics (Dee Fink). 

Course outline Foundational 
Knowledge 

Topic 1 x 

Topic  2 x 

Midterm Exam I  

Topic 3 x 

Lab   

Topic 4 x 

Midterm Exam 
II 

 

Topic 5 x 

Final  Exam X 

Table 1. Content Centered Approach 

Another approach proposed by Dee Fink [1] provides valuable conceptual and procedural 
tools that help create a significant learning course.  He suggests a new broader taxonomy of 
significant learning (Figure 1). There are six key components of the taxonomy arranged in 
hierarchical sequence: Foundational Knowledge, Application, Integration, Human Dimension, 
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Caring and Learn How to Learn. This development is beyond the cognitive domain of 
Bloom’s taxonomy and reflects a more realistic learning goal in the 21st century.  

 

                    
Figure 1. Dee Fink’s Taxonomy of Significant Learning 

 

In his book, Fink creates a new model of integrated course design as follows: 

 

               
 

Figure 2. Model of Integrated Course Design by Dee Fink 

 

One of the important features of this model is the integration of three dimensions:  learning 
goals, teaching and learning activities, and the feedback and assessment. In Fink’s book, a 
case study for a “design electronics lab” is used to explain how to implement the model to 
develop a new course. The recommended template is as follows: 



Project report‐FLC7 
 

3  

 

Learning Goals Feedback and Assessment Teaching and Learning 
Activities 

1. Develop familiarity with 
electronic techniques  

A. Paper and pencil test 

B. Do it 

A. Reading, lectures 

B. Lab exercises. 

2.…………………… …………………………. ………………………. 

3.----------------------- ---------------------------- ------------------------ 

Table 2. Dee Fink’s Model Template 

 
2. Course Design Matrix- An Integrated Approach 

 
While developing a packaging engineering course, I realized the significantly greater amount 
of time required to create a learning-centered course as opposed to the content-centered 
one. Following are the obstacles met during the development. First, the content-centered 
approach still unconsciously dominates my thought process. Although I am using a learning 
goal driven format to develop the course, it is very difficult to change this ingrained way of 
thinking. Secondly, I have difficulty interpreting some taxonomy of learning goals such as 
the “Human Dimension” and “Caring” (two learning goals created by Dee Fink) for my 
engineering course.  Thirdly, although I spent significant time describing what kind of 
assessment method such as “paper and pencil test” to meet the learning goal etc., I sensed 
the real content related to my course has not yet been touched. It is perhaps necessary to 
have a more practical approach to shift the traditional content-centered paradigm to the 
learning-centered paradigm. 

 

Based on the six key components of significant learning developed by Dee Fink, I have 
modified them to five components for application in engineering/science courses. They 
are Foundational Knowledge, Application, Integration, Adaptability to Environment and 
Other People, and Learn How to Learn. Adaptability to the Environment and Other People is 
a necessary addition to keep students up to date with current trends. Most recently, big 
companies, such as GE, have ranked this concept as one of the most important criteria in 
the selection of their employees. 

 

Then, I created one matrix consisting of a course outline, significant learning goals, and 
teaching activities that I call a topic matrix. Every topic has an introduction followed by 
further explanation. The learning goal is sequenced from Foundational Knowledge, 
Application, Integration/Elaboration, Adaptability, to Learn How to Learn. The topics are 
unto themselves, but correlate with each other at some point. By adding different teaching 
activities into the matrix, a systematic structure is created to develop the learning-centered 
course.  

 

The following table is an example illustrating how a new topic and the associated learning 
activities are integrated together to meet the learning goals. In the matrix, the main topic is 
divided into subtopics that are taught in different teaching activities to meet a set of 
learning goals. From this matrix, you automatically link the course outline to the teaching 
activities in order to meet the learning goal. 
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Course 
outline 

            Course Learning Goals Teaching 
activities 

 
Topic 1 

Foundation
al  
Knowledge 

Applicatio
n 

Integratio
n/ 
Elaboratio
n  

Adapta
bility to 
People  

Learn 
How to 
Learn 

Topic 1.0 X     Lecture/Readi
ng 

Topic 1.2  x    Assignment 

Topic 1.3      Quiz/RAT 

Topic 1.4     x x  Think-Pair-
Sharing 

Topic 1.5      x Lab/Pre 
assignment 

  

Surface  learning     Deep learning        Self-development   

 

 

 Table 3. Topic Matrix for Significant Learning 

 

Some of the teaching activities have a clearly defined learning objective. For example, 
“Lecture/Reading” is focused on knowledge where as “Think-Pair-Sharing” is a higher level 
team-based integration. Some teaching activities include multiple level goals. Quizzes 
involve Foundational Knowledge, Application and Integration respectively. The particular 
activity in this learning goal is marked by putting an “X” in each appropriate column.  

 

The starting point in using the course design matrix is to specify the learning goals of the 
particular course. This clarifies where to make an “X” in the matrix (See case study). Then, 
traditionally list a series of topics to be taught, add a midterm and an exam. Next, assign a 
teaching activity to each topic.  When the assignments have been completed, add all “X” 
marks together. The sum of “X” marks equals the total learning score.  Topics can be added 
or teaching activities modified to ensure the learning goals are fully covered. 

Course 
outline 

       Course  Learning Goals Teaching 
activities/ 
Educative 
assessment 

Foundation
al  
Knowledge 

Applicatio
n 

Integratio
n/Elabora
tion 

Adaptability 
to people 
and 
environmen
t 

Learn 
how to 
learn  

Topic 1       

Topic 1.1 x     Lecture 

Topic 1.2  x    Assignment 

Topic 1.3   x   Quiz/RAT 

Topic 1.4      x  PBL 

Topic 1.5      x Lab/Pre 
assignment 

 Surface Learning  Deep learning    Self development  
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Topic  2       

Topic 2.1 x      Lecture 

Topic 2.2  x    Assignment 

Topic 2.3   x   Quiz/RAT 

Topic 2.4    x  Discussion 

Topic 2.5     x Lab/Pre 
assignment 

 Surface Learning  Deep learning    Self development  

                       
Assessment 

 Mid Term  

Topic 3       

Topic 3.1 x     Lecture 

Topic 3.2  x    Assignment 

Topic 3.3   x   Quiz/RAT 

Topic 3.4      x  PBL 

Topic 3.5      x Lab/Pre 
assignment 

…………. ……….. ……….. ………….. ………….. …………
… 

………… 

Assessment Project 

Assessment Final Exam 

Learning 
Score 

4 x 4x 4x 4x 4x  

 Table 4. Course Design Matrix for Significant Learning. 

 
Course development based on this design matrix is a continuous process of comparison 
between the outlines, the learning goals and the arrangement of teaching activities. Each 
course has a different weight in terms of learning goals. Some courses are lab oriented 
thereby putting more emphasis on Application. Some courses are primarily knowledge-
based, therefore, requiring more lecture than lab based activities. 

 

When this course matrix used, it may be necessary to go back and forth to add or remove 
some teaching activities in order to meet the specified learning objectives. The development 
process is focused on learning goals and perfecting the course between outline and teaching 
activities.  

 
3. Program Matrix- an Extension of the Course Matrix 

 

The course matrix methodology may be applied to program development. The starting point 
remains specifying the learning goals for the overall program. The matrix can then be used 
to develop a curriculum for the complete program based on these learning objectives by 
linking them to the individual course goals. Table 5 illustrates the relationship between the 
program goals and course goals.  Table 6 conceptually demonstrates how the design matrix 
is applied to an academic program. 
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Program Goal  Course Goal 

Core Engineering/Science Knowledge Foundational  Knowledge 

Using Data and Technology Application 

Critical Thinking and Problem Solving Integration 

Ethics and Social Responsibility Adaptability to people and environment 

Self-Assessment and Development Learn how to learn 

Table 5. Program Goals vs Course Goals 

 

Curriculum    Program Learning Goals Assessment/ 
Measurement 

Core 
Engineering 
Knowledge 

Using Data 
and 
Technology 

Critical 
Thinking 
and 
Problem 
Solving 

Ethics 
and 
Social 
Respon-
sibility 

Self Assess-
ment and 
development 

 

 

Course 1      A combination of 

1. Assignments 

2. Quizzes and 
Examinations 

3.Research 
Projects 

4.Lab Experiments 

5.CapStone Project 

6.Senior Theses 

----- 

Course 2      

Course 3      

Course 4       

------- ---------     

Course 10-
Capstone  

     

Learning goal xx xx xx xx xx 

  
Knowledge based learning                            Self development   

 

 

 

Table 6 Program Matrix for Significant Learning 

 
4. Conclusion and Broader impact 

 

This research shows that the traditional content-centered paradigm can be synergized 
effectively with the learning-centered paradigm. These two philosophical frameworks 
systematically approach education in very different ways, but they can complement each 
other rather than necessarily conflict, as claimed by most research papers. 

 

The proposed course matrix methodology provides a platform for an instructor to transfer a 
subject-based course to a learning-based course design.  It begins with the basic outline 
approach for a course, but then integrates the college instructor’s rich experience in content 
to more fully achieve the learning objectives.  The case study in appendix  is an example of 
how the course matrix is used in an engineering/science curriculum. 
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The further study will be a detailed plan to specify the weekly based teaching activities that 
is at the last column of the matrix. 

 

 

 

Appendix- Case Study on Designing a Course in Packaging Science 

 

Course Title: Characterization for plastics packaging 

 

1. Define and detail the learning goals: 

 
Foundational Knowledge-F 

• Students remember the basic concepts of Thermal Analysis (TA) and the 
associated instruments: DSC and TGA, Melt Flow Index (MFI), and FTIR. 

• Students understand the terms Oxygen Transmission Rate (OTR) and Water 
Vapor Transmission Rate (WVTR) and the measuring method.  

• Students reinforce the concept of mechanical tensile strength. 
 

      Application-A1 

• Students are able to prepare the samples, operating the different instruments 
safely. 

• Students are able to carry out the testing according to ASTM procedure and 
retrieve the data from the testing. 

• Students are able to identify the correct testing method and equipment for 
packaging material evaluation. 

Analysis and evaluation-A2 

• Students are able to analyze the crystallinity, melting status of the plastic resin. 
• Students are able to identify the multi plastic component in flexible packaging 

laminates using DSC, TGA and FTIR integration. 
• Students are able to analyze the mechanical strength of the both rigid and 

flexible packaging. 
• Students are able to analyze the barrier properties of the film using OTR and 

WVTR.  
• Students are able to analyze the barrier properties of the packaging container 

using OTR and WVTR. 

       Adaptability to other people and environment-A3 

• Students are able to build up the adaptability to other people and environment to 
work effectively on collaborative assignments. 

• Students become more aware of how different people from different background 
can contribute the society. 

      Learn how to learn -L 

• Students are able to design the experiments to identify the plastic components. 
• Students are able to operate an unknown equipment with proper procedure. 
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2. Create the Course matrix 

 

Course outline: Characterization for Plastic 
Packaging 

 Learning Goals- Teaching 
activities 

 K A
1 

A
2 

A
3 

L  

Week 1&2       

1. Measurement Thermal Properties of the plastic resin       

1.1 Basic concepts of Thermal Analysis (TA) and the 
associated instrument 

x     Lecture 

1.2  Identifying the plastic resin-Prepare the samples, 
operating the DSC and TGA. Collect the data 

   x  Lab 

 1.3 Analysis of the DSC and TGA curve   x   Lecture 

 1.4 Quiz in  individual and group on Thermal Analysis  x  x  Quiz/R.A.T 

 1.5 Process of identifying the single plastic resin using 
DSC and TGA 

     x Group 
discussion 

Reading of  FTIR      x Out of class 

       

Week  3&4       

2. FTIR and its application 
 

x     lecture 

2.1 Quiz on FTIR   x  x  Quiz/R.A.T 

2.2 How to identify the multiple plastic components in a  
packaging laminate 

  x   Think-pair-
sharing 

2.3 Lab on identifying a retort package     x  Quiz-group 

2.4  report      Out of class 

 Reading of ASTM standard on melt flow index       

       

Week 5       

3. Melt flow index (MFI) of the plastic material  x     Lecture 

3.1 Quiz on ASTM standard on measuring MFI   x  x  RAT/Quiz 

3.2 Measuring MFI using Melt flow indexer   x   Lab 

3.3 Discussion on MFI of the polyolefin and their 
application 

   x  Small group 

3.4  Report in group    x   Out of class 

       

Week 6&7       

4. Measurement of the barrier properties of the 
packaging 

x     Lecture 

4.1 Measurement of the OTR and WVTR of the 
film/laminate 

 x    Lab 

4.2 Measurement of the OTR and WVTR of the package  x    Lab 
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structure 

4.3  Lab report in individual    x   Report 

Reading on ASTM standard      x Out of class 

       

Week 8&9       

5. Optical density of the package and its measurement x     Lecture 

5.1 Measurement of the optical density of the film and 
rigid container 

 x    Lab 

6. Mechanical properties of the rigid plastics and flexible 
packaging 

x     Lecture 

6.1 Tensile strength for rigid and flexible packaging  x    Lab 

6.2 Quiz on optical density and mechanical strength of 
the plastics 

  x   Quiz 

       

Week 10 Review  

Final Exam        

       

Score of significant learning 6
x 

7
x 

6
x 

6
x 

3
x 
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