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Bloom’s Taxonomy is a broadly used framework categorizing and differentiating the outcomes of learning and acquisition of knowledge.  Among the three domains of learning, identified almost 40 years ago as cognitive, affective, and psychomotor domains, outcomes assessment in engineering and technology education has focused principally on the cognitive domain.  Recently, university faculty have increased their appreciation of the need to distinguish among levels of cognitive learning:  Knowledge (memorization of information - level 1), Comprehension (understanding - level 2), Application (ability to apply knowledge in a new context - level 3), Analysis (ability to understand the logical constructs and apply or modify knowledge without expert prompting - level 4), Synthesis (create or build new knowledge from basic elements and logical constructs – level 5), and Evaluation (ability to select and judge among alternatives and select the best – level 6). 

The Critical Thinking movement led by people like Paul, Chaffey, and Debono determined that learners must think critically to process information and to construct understanding.  Building knowledge in most engineering courses begins with skill exercises, which are initially simple problems in familiar contexts.  The problems are then made more difficult by integrating with past knowledge and new contexts.  This progression increases students’ ability to transfer knowledge to any new context.  

It is important to differentiate skill exercises from working expertise, not only in the challenges we give to students, but also within our assessment and evaluation systems.  This paper provides techniques to differentiate among levels of cognitive learning of students in engineering and technology classes.  Most importantly, it will focus on distinguishing between level 4 knowledge of working expertise and level 3 knowledge requiring prompting by an expert to trigger its use.  Examples from several engineering disciplines will be provided.

Outline

1. Introduction


Bloom’s Taxonomy is a broadly used framework categorizing and differentiating the outcomes of learning and acquisition of knowledge.  Among the three domains of learning, identified almost 40 years ago as cognitive, affective, and psychomotor domains, outcomes assessment in engineering and technology education has focused principally on the cognitive domain.  Recently, university faculty have increased their appreciation of the need to distinguish among levels of cognitive learning:  


Building knowledge in most engineering courses begins with skill exercises, which are initially simple problems in familiar contexts.  The problems are then made more difficult by integrating with past knowledge and new contexts.  This progression increases students’ ability to transfer knowledge to any new context.


It is important to differentiate skill exercises from working expertise, not only in the challenges we give to students, but also within our assessment and evaluation systems.  This paper provides techniques to differentiate among levels of cognitive learning of students in engineering and technology classes.  Most importantly, it will focus on distinguishing between level 4 knowledge of working expertise and level 3 knowledge requiring prompting by an expert to trigger its use.  Examples from several engineering disciplines will be provided.

2. Introduction a Model of Knowledge – Bloom’ Taxonomy.  


In 1956, Benjamin Bloom edited the now standard work on knowledge levels entitled “Taxonomy of Educational Objectives,” which created a model for evaluating the quality of knowledge.  Six different levels of knowledge or educational objectives for the cognitive domain classify intended student behaviors from the simplest to the most complex.  

· Recall --
Memorization of information

· Comprehension --
Understanding at the minimum level

· Application --
Ability to apply knowledge in a new context

· Analysis --
Ability to understand the logical constructs and apply or modify knowledge without expert prompting

· Synthesis --
Create or build new knowledge from basic elements and logical constructs

· Evaluation --
Ability to select and judge among alternatives and select the best

3. Introduction a Model of Learning – The Learning Process Methodology


If we accept Bloom’s Taxonomy of knowledge levels, then a learning model is needed to explain how to steadily advance the level of student knowledge along this framework.  The Learning Process Methodology (LPM) component of Process Education is a process that can be used by both teachers and students to increase the quality or level of student knowledge in an efficient and effective manner.  

4. LPM & Bloom.  An examination of the LPM shows how it relates to advancing the level of student knowledge.  The 14 steps of the LPM are shown below.  (Institute Handbook)
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Assessing and Building New Knowledge (level 5)
5. Elevating Knowledge Level 1 to Level 2 (background on differentiating informational knowledge from comprehension).  

· How to differentiate level 2 from level 1.  (From Institute Handbook, p. 46)

· The learner has a certain degree of comprehension about a concept, process, tool, or context.

· Information and relationships have been processed so that the learner can construct an appropriate model in his/her mind pertaining to the particular item of knowledge.

· The learner can process answers to critical inquiry questions and articulate what he/she understands as well as what remains confusing.

· The learner also has some understanding as to how the item of knowledge is linked to other forms within his/her knowledge base.


Two examples might be included at this point.

6. Elevating Knowledge Level 2 to Level 3 – Building an ability to transfer knowledge to new context

Methodology for Elevating Knowledge to Level 3 (Institute Handbook)
a) Establish and Solidify an information base (level 1).  Directed questions help to activate prior knowledge

b) Identify the “cornerstones” for the knowledge (level 2).  Knowledge is built upon a foundation of prior knowledge.  Identify and use the most important information/knowledge.  For conceptual knowledge, there needs to be a directed focus or a concrete example.

c) Identify the key inquiry questions for comprehension (“the supporting cross beams” for knowledge) and key issues to construct the knowledge (level 2).

d) With the framework in place, test the conditions of the structure (e.g. the validity of the assumptions, the logic, value or benefits) (level 2).

e) Applying knowledge in a familiar context.  Concretize, transfer, and apply the knowledge to a familiar contest (low level 3).

f) Transfer and apply knowledge to another context that is similar.  (low level 3)

g) Enrich knowledge mastery by transferring and applying the knowledge to a different contest.  (level 3)

h) Transfer and apply the knowledge to a completely new and unfamiliar context (e.g. different culture, discipline ).  Play role of consultant (level 3).

i) Generalize understanding of the new knowledge (level 3).

{NOTE:  Is this methodology a sub-methodology of the LPM??  Yes, I think it could be included under Thinking, Transfer/Application, and Problem Solving in the LPM.  However, it only deals with elevating knowledge to level 3.}

· 
How to differentiate level 3 from level 2.  (From Institute Handbook, p. 46)

· The learner has the skill to apply and transfer the particular item of knowledge to different situations and contexts.

· The learner has taken the time to generalize the knowledge to determine ways to apply it, testing boundaries and linkages to other information.

· The learner can recognize situations and skillfully make use of this knowledge in new contexts and situations.

· The learner is able to teach this knowledge to others; “knowing he/she knows” rather that just “thinking he/she knows.”


Two examples might be included at this point.

7. Elevating Knowledge Level 3 to Level 4 – Problem Solving Process & Working Expertise.


{NOTE:  This is where a modified methodology can be created.  We might build on the following:}

Methodology for Elevating Knowledge to Level 4

a) Start at the last step of the Methodology for Elevating Knowledge to Level 3 – Generalize understanding  (level 3).  Can write a paragraph to apply the knowledge in a familiar context, a paragraph for an unfamiliar context, and then a final paragraph that generalizes the knowledge.

b) Practice Problem Solving with a teacher/mentor in a variety of contexts (high level 3).  See the figures below which relates student problem solving capacity to problem complexity and context familiarity.  

At a low level of problem complexity and high capacity, the problem is merely a skill exercise.  As the complexity goes up, a boundary is crossed and a skill exercise develops into a problem solving situation.  If the complexity continues to increase, eventually another boundary is crossed and the problem solving situation becomes completely overwhelming for the student.  A similar situation occurs when capacity is related to context familiarity as shown in the second figure.






{NOTE:  I will attempt to put these ideas onto a 3D Plot.}



The teacher can design the complexity and the context to provide a fertile problem solving situation for increasing the quality of student knowledge to level 4.

c) Assess the problem solving experience after each situation to grow problem solving skills.

d) Assess the use of the problem solving methodology to add richness and include links with other methodologies.

e) Change either the complexity or the context or both to stay within the students problem solving capacity zone and continue to practice until the characteristics of a level 4 problem solver have been attained.  (From Institute Handbook, p. 46)

· The learner has the ability to integrate the knowledge skill with his/her other knowledge skills to produce a generalized problem solution.

· The learner is able to solve complex problems by applying many knowledge skills and integrating these knowledge skills with processes and tools to produce a quality problem solution.

· The learner has the ability to produce a general problem solution which can be reused and transferred to similar situations with minimal adjustments.  This defines an “expert” in a particular field.


Two examples might be included at this point.

8. Issues in building working expertise (level 4).

· Affective skills are needed to counter learner frustration as the complexity of the problem solving situation goes up and the familiarity goes down.

· The relationship of problem solving, skill exercises, complexity, and familiarity with the problem solving context.  Until a certain level of complexity is reached, Problem solving only involved skill exercises.  Above the complexity level, it is Problem Solving and beyond a higher level it become overwhelming for the individual.

· What is the Problem solving threshold for an individual student and how to design a situation that supports elevation to level 4?

· Where is the overwhelming threshold for individual students and how to avoid frustrating the student and impeding learning?

· Engineering Programs generally attempt to move students to Level 3 (thought), but may not actually move beyond skill exercises associated with Level 1 (Drill and Practice).  How does the teacher distinguish between Level 1 and Level 3 in problem solving?  

· Require an explanation/assessment of the result:  a paragraph to validate or describe how to validate of the result, a paragraph to explain the most important assumption and how the result might change if the assumption is changed, and then a final paragraph that describes at least one insight gained from the process.

· Instead of solving the problem, require an explanation of how to solve the problem and an estimate of the answer.

· How much time is spent in Engineering Programs elevating knowledge to Level 4?  (About 5 percent?)  How much time should be devoted to this objective?  What are examples of exercises that move students toward Working Knowledge (level 4).

9. Techniques for designing problem solving situations and examples.

10. Conclusions.

Definitions

Problem Complexity

Is highly variable in relation to the person or team solving the problem. Many of the factors that determine how complex a problem is 

A problem complexity is a function of many factors:

· the familiarity of the context/situation

· the number of knowledge items (knowledge skill) needed

· how recent 
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