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In-Class Activity for Designing a Concept-classification Lesson
You must prepare on your own to do this activity in class.

1.
Working in pairs, pick one of the two concepts that will be given to you in class.  prepositional phrase, concave lens.  You also pick the target learners such that this lesson is about 4 on a 1-5 scale of difficulty (5 is most difficult).

2.
Use the procedure on p. 15 to design a concept-classification lesson for your concept and target learners.  Be prepared to show the results of each bullet below to the whole class.  For this activity:

• Your instance pool only needs to contain 1 item per dimension of divergence.

• You only need to create two test items from items in your instance pool.

• You only need to create two practice items from items in your instance pool.

• You only need to create two examples from items in your instance pool.

• You only need to create a correct-answer feedback and a wrong-answer feedback for one  of your two practice items.

• You only need to design one kind of enrichment tactic for your generality:  attention-focusing,  variety of representations, or  algorithm.

• For your enrichment tactics for your examples, describe what your easy-to-difficult sequence will be like, considering your equivalence classes.  Then, design attention-focusing for one of the examples.

• You only need to design two enrichment tactics for your wrong-answer feedback: attention-focusing and motivational feedback.

3.
Decide what medium to use for the instruction, and how it should be used.

You may be asked to present your results to the class on the document camera, so please write neatly.

You may find the following resources helpful in preparing for this activity.

Part I What's It All About?


What is the Nature of Knowledge?

There are two major kinds of knowledge: 

 • Knowledge of things (descriptive knowledge) and 

 • Knowledge of changes in things (productive knowledge).  

Each of these kinds of knowledge can occur in either of two forms (see Figure 1.1): 

• Particulars are single, unique cases, often referred to as referents, examples or instances.  

• Generalities are statements which apply to more than one particular.


Particulars
Generalities

Descriptive

(Things)
Facts, Information,

Examples,

Instances
Concepts

Productive

(Changes)
Facts, Information,

Demonstrations,

Instances
Rules,

Procedures,

Principles

Figure 1.1.  Kinds of Knowledge

Things.  Particulars of things are instances of concepts, and include objects (e.g. one particular computer), actions (e.g. one particular debate), ideas (e.g. one particular thought), and symbols (e.g. one particular fraction).  Generalities of things are what we usually call definitions of concepts.

Changes.  Particulars of changes are instances of procedures and principles, and include specific events, like the evaporation of a puddle on my driveway last Sunday, the growing of a particular flower from a seed in front of my neighbor's house, and my son's writing of an essay last Tuesday night.  Generalities of changes are what we usually call statements of principles and procedures.

It is helpful to distinguish between what content is learned and at what level it is learned:  

  
• Content (what is learned) can be classified in accordance with the type of knowledge.  Concepts and facts represent knowledge of things, and principles and procedures represent knowledge of changes.  

  
• Level of learning can be classified as memorization, understanding, or application.

As defined by instructional designers, a concept is a group or class of things which have something in common, such as plants, animals, reptiles, snakes, essays.  But a concept can be a class of events, ideas (including values), or symbols, rather than just a class of things:  football game, word processing, justice, compassion, fraction, and % sign are all concepts.  Particulars can be grouped in many different ways.  For example, trees can be classified according to their genus (birches, oaks, etc.), their age (seedlings, saplings, etc.), their climate (tropical, subtropical, etc.), and so on.  So concepts are arbitrary groupings which are invented  by people.  Concepts don't really exist; the only tangible evidences of them are their instances (or examples) and their definitions.

Be careful not to confuse concepts with principles.  The term "concept" is often used in common language to refer to principles.  When people talk about the "concepts of science", they are usually talking about principles, which instructional designers define as change relationships—indications of the relationship between two or more changes. 

Levels of Learning for Concepts

There are three major ways that a concept can be learned.  You can memorize it—either its definition, or a particular instance and its name.  You can understand it—be able to describe it in your own words and explain its relationship to other things you know.  Or you can learn to apply it in new (previously unencountered) situations.  This third type of behavior is what we call skill application.  In this lesson we are only concerned with one of the three levels of learning for concepts:  applying them, which is commonly called concept classification.
Why Is Concept Classification Important?

Concept classification is one of the most common types of learning.  Robert Gagné (1985) has shown that concepts are the building blocks for most of the cognitive capabilities we possess.  Let's look at how concepts are involved in rule-using (principle-using and procedure-using) capabilities. 

 • Principles describe changes in things.  Those "things" are concepts which are simpler components of the principle and must be mastered before it is possible for a learner to master the principle.  For example, the law of supply and demand describes relationships among changes in price, supply, and demand.  Those three concepts must be mastered before the law of supply and demand can be mastered.  

 • Procedures describe how to change things (to achieve a goal).  Those "things" are also concepts which are simpler components of the procedure and must be mastered before the procedure can be learned.  For example, the procedure for dividing fractions indicates that the divisor must be inverted, the resulting numerators must be multiplied to form the new numerator, and the denominators must be multiplied to form the new denominator.  The three concepts—divisor, numerator, and denominator—must be mastered before it is possible to master the procedure (although it is not necessary to learn those labels).  Also, procedures often require the use of tools to perform a step, and those tools are concepts.

Given the importance of concept classification, it is essential that we know how to teach it well.  Fortunately, much research has been done in this area, so we understand much about how concept classification is learned and what features instruction should have to teach it.

Principles for Learning Concept Classification

How is concept classification learned?  Consider for a moment your knowledge of concepts.  When someone says "dog"  to you, what goes on in your mind?  Think about it for a minute!   . . .

You probably form an image of a dog in your mind, right?  What is that dog like?  What color is it?  It doesn't really have any color, does it?  How big is it?  About average height for a dog, right?  Unless you have a beloved dog of your own, your image is not of one specific dog.  Rather it is of a prototype (which literally means pattern or model).  It concentrates on the characteristics common to all dogs and tends to ignore the character-istics which vary across dogs, such as color and size and length of hair.  Robert Tennyson has shown that prototype formation is probably the first phase of learning to apply a concept.  This is our first principle of learning for concept classification.

Once a prototype has been formed, we must learn how dogs vary—that they can be different sizes, colors, shapes, and so on.  So we must learn to generalize beyond the prototype.  But the other side of that coin, according to Sue Markle and Phil Tiemann, is learning ways that dogs cannot vary.  So we must learn to discriminate them from nondogs.

Discrimination.  All dogs have certain characteristics in common, such as being mammals, having a certain type of teeth, a certain type of diet, a certain range of body shapes, and so on.  These are called common characteristics.  Some of them are easily visible (e.g. body shape) and some of them are not (e.g. diet).  Hence, some common characteristics are useful for classifying an animal as being a dog or not, and others aren't.  The ones which are useful are called critical characteristics.  They are what you need to learn to discriminate dogs from nondogs.  This is our second principle of learning for concept classification.

Generalization.  Dogs also have certain characteristics which vary from one dog to another, such as their color, size, and so on.  These are called variable characteristics.  They are what you need to learn to generalize across all kinds of dogs.  This is a third principle of learning for concept classification.  Generalization across variable character-istics and discrimination on the basis of critical characteristics are very important aspects of learning to apply concepts.  But it is helpful to keep in mind that variable characteristics can have different degrees of variability.  Some can be common to almost all of the members of the concept class, while others can be very rare in any of them.  The ones that are common to most can sometimes be very useful for classifying.  Almost any concept can be broken down into kinds (called “subordinate concepts”), and each of those kinds represents what Joseph Scandura calls a different “equivalence class.”  The different equivalence classes are sometimes called “dimensions of divergence.”

Some concepts are quite complex.  That is, they have many critical characteristics.  This can make learning to classify very difficult.  Lev Landa has identified a technique which people learn to facilitate the process.  They develop an algorithm, or procedure, to follow.  It is likely to be something like this: 



First look to see if it has such-and-such.  



If it doesn't, it is not a widget.  



But if it does, look to see if it has either a whatsit or a whosie.



If it has neither, then it is not a widget.  



But if it has either one, then look to see if . . . ."  

Learning to apply a concept always  entails learning an algorithm, but for simple concepts the algorithm has just one step.  This is our fourth principle of learning for concept classification.  Incidentally, "experts" are usually unaware of the algorithm they use.

A final important consideration for learning concept classification is prior knowledge.  Robert Gagné (1985) has shown that the skill of applying a concept always has some "prerequisite" skills, skills which must be mastered before it is possible to learn any given classification skill.  Those prerequisites are the critical (and sometimes variable) char-acteristics, which are concepts in their own right.  This is yet another principle of learning which has important implications for the instructional strategies that will be helpful for teaching concept classification.

Given all these principles for concept learning, how should one teach a concept classifica-tion task?  

Principles for Teaching Concept Classification

Instructional principles are related to the phases of learning we have just discussed, which are prototype formation, discrimination, and generalization.

Prototype formation.  First, the learner should form a prototype.  You can facilitate this by presenting a prototypical example.  This example should be very common and highly representative of as many examples of the concept as possible.

Discrimination.  Next, the learner should learn what the members of the concept class have in common so that she or he can distinguish them from nonmembers.  These commonalities are the critical characteristics, and their acquisition can be facilitated in two major ways.  One way is to tell the learners what they are.  This is called a generality, or definition, of the concept.   The other way is to contrast an example of the class with a nonexample that is as similar as possible to that example.  This is called a matched nonexample, because its variable characteristics and all but one of its critical characteristic are matched with those of an example.  The example and matched nonexample are presented simultaneously to facilitate identifying the critical characteristic which makes one an example and not the other.

Generalization.  The learners must also learn to generalize from the prototype to all other members of the class.  That is, they must learn how examples can differ from each other and still be members of the class.  This requires learning which are the variable character-istics that should be ignored.  You can facilitate this learning in two ways: by presenting a generality which identifies the most common of the variable characteristics or by present-ing examples that are as different  as possible from each other.  These are called divergent examples.  Of course, divergent practice is just as important.

It is helpful to notice that two learning processes occur in concept classification tasks.  One of them is acquisition of some general representation of the concept in memory, which is probably a combination of the generality and the prototypical example.  The other is learn-ing to apply the concept representation to the classification of new examples.  Acquisition of the generality is usually facilitated by presenting the generality and the prototypical example simultaneously.  You could even make a game out of the instruction by presenting lots of examples without the generality and having the learners try to discover the critical characteristics (discover the generality).  But this is very different from application of the generality, which requires presenting divergent examples and practice and matched nonexamples.  

Therefore, there are two kinds of learner participation which can be designed into the instruction: one to facilitate acquisition of the generality, which is inductive in nature, and one to facilitate application of the generality, which is deductive in nature.  Inductive participation alone is insufficient if concept classification is your objective.

So what tactics should instruction have for concept classification tasks?  It may be helpful to distinguish between "routine" tactics (which are routinely included in all instruction for concept classification) and "enrichment" tactics (which are usually only used to enrich the instruction for difficult concept-classification tasks.  This distinction may well be useful for teaching all kinds of skill application, and perhaps even for facilitating other levels of learning. 

Routine Tactics

We can group the tactics discussed on the previous page into three routine tactics: presentation, practice, and feedback:

Presentation:
Generality -  label, superordinate concept, critical characteristics.


Examples -  new particulars which show the critical characteristics.

Practice:
Practice -  new particulars which show the critical characteristics.

Feedback:
Feedback -  confirmation or correct answer.

Let's take a look at each.

Generality.  The generality should only include things which help the learner to classify.  When we want the learner to learn other things about the concept, a different type of learning is involved—understanding—which we deal with in a later course.  However, it is helpful to understand that some concepts are defined on the basis of critical characteristics, whereas others are defined on the basis of functions.  These are called criterial definitions and functional definitions, respectively.  For example, "chair" can be defined as something to sit in with back support, or it can be defined as having a seat, raised off the ground, and a back.  A definition can also have both  criterial and functional tactics.  For example, a chair is something to sit in, and it has a back.

Examples.  Given the purpose of presenting examples as discussed above, we should make sure they are very divergent, and we should present some of them with matched nonexamples.  Markle and Tiemann (1969) have identified what they call a "minimum critical subset" of examples, which is one of each of the major types of examples that comprise the concept class.  This means that in designing the examples, you must first identify all the major ways that the examples can differ.

Practice.  Since the learners need to be able to generalize the classification skill to examples that they have never seen before, your practice should always present new instances (ones not used in the examples), and they should be divergent from each other, including at least one "minimum critical subset" of instances.

Feedback.  If learners practice the wrong responses without being corrected, those wrong responses are likely to become difficult to change.  Thus, it is very important to correct wrong responses as soon as possible after they occur.  This is called “informational feedback.”  If the learners get it right, you can confirm their response.  If they get it wrong, you can give them the correct response with explanations or give them hints that help them to figure out how to correct their own responses.  But feedback can serve a second purpose—motivation—which is discussed on the next page.

Does this mean that your sequence of routine tactics should be generality-example-practice?  Certainly not.  We have seen that the instruction should begin with prototype formation.  Hence, a prototypical example should lead the instruction, usually with a simul-taneous presentation of the generality.  Also, young learners tend to benefit from plentiful examples before presentation of the generality, and you may want to use a discovery approach where the generality isn't presented at all until it has been discovered.  

Next, it is often helpful for learners to be able to skip around among the instructional tactics.  After looking at the generality and prototypical example, a learner might think she already knows the concept.  She could then go directly to the more difficult practice to test herself.  If she gets it wrong, she could go back and look at an example of medium difficulty, then go and try out a practice item of medium difficulty or take a look at the generality again, and so forth.  All that's needed to facilitate such learner control is to clearly label the various routine tactics.  This is a more practical and empowering solution to individual differences than designing different instruction for each learner.

Enrichment Tactics

When a concept is difficult for the learners to learn to classify, additional tactics can be used to increase the richness of the instruction.  It is helpful to think of such instructional enrichment as existing for each  routine tactic.

Generality.  So how can the generality be enriched?  There are several ways.  You can facilitate encoding by focusing the learner's attention on the important parts of it: the label and the critical characteristics.  Or you can facilitate encoding by providing a variety of representations of the generality, like a diagram or a paraphrase.  You can also present an algorithm (Landa, 1976), a set of steps for the learner to use in checking to see if all of the critical characteristics are present.

Examples.  The most obvious way to enrich this routine tactic is to increase the number of examples.  But we can also make it easier to learn from each example.  Since examples are different from each other, some are likely to be harder to identify as examples of the concept.  The easier examples should be presented first, followed by progressively more difficult ones.  This is called an easy-to-difficult sequence.  We can also use attention-focusing to relate the example to the generality by pointing out the presence or absence of critical characteristics in the example.  And we can use a variety of representations for the examples to facilitate "dual encoding" of the information. 

Practice.  The only ways that practice itself should be enriched are to increase the number of practice items, to use an easy-to-difficult sequence, and to include prompting on early practice items.  Otherwise, enrichment should be reserved for the feedback.

Feedback.  Enrichment on the feedback should be much like on the examples.  We can use attention-focusing which relates the instance to the generality by pointing out the presence or absence of critical attributes.  And we can use a variety of representations for the correct-answer feedback.  Of course, motivational enrichment can also be used: praise for correct answers and encouragement for wrong answers.

In summary, the following guidelines (or prescriptive principles) are likely to improve the quality of your instruction:


Make sure prerequisites (critical characteristics) have been mastered.


Present a prototypical example, with explanation.


Make a generality available.


Make additional examples available, with explanations.


Present some examples with matched nonexamples.


Make practice available.


Provide feedback on all practice (confirmation, explanation, or hint)


Make instances as different as possible.


Arrange instances in an easy-to-difficult order.


Use a variety of representations.

Common Errors Novice Designers Make
There are several errors that novice instructional designers commonly make when designing instruction on concept classification tasks.  First, they often name the subordinate concepts (kinds) in examples and practice.  For example, suppose you were teaching the concept “woodwind instrument” in music, and your only objective was for the learners to be able to classify any musical instrument as a woodwind or not a woodwind.  Many novices would say in an example, “This is a clarinet, so it is a woodwind.”  Or they would say in their feedback, “No, this is an oboe, so it is a woodwind.”  There is nothing wrong with this if the learner already knows what a clarinet or oboe is.  But if a learner doesn’t, then this just adds to the amount the learner needs to try to figure out—it makes learning more difficult rather than easier.  Even when such subordinate concepts are also among your objectives, it is generally better to help them master the higher-level concept (woodwind instrument) first, and then teach its subordinate concepts.  The subordinate concepts can be taught simultaneously with each other, as long as there aren’t too many of them.  Otherwise they can be taught in sets of 3 or 4 at a time.

A second error novice designers commonly make is not indicating the criterion for mastery on the practice.  This is important for both situations in which the learner will exercise full control over their progress and situations in which a teacher (or computer) will exercise such control.
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Part II: Skill Builder 1
Practice on Individual Tactics

You will definitely find it helpful to do this HyperCard Program 

prior to the in-class activity.

A HyperCard stack available on the Macintoshes in Education 2271.  On the desktop of the Macs there is a folder called “R521”.  Double-click on it to open it, and you will see “5. Concepts” in a new window.  Double-click on it, and you are all set.  You may copy the stack onto a floppy disk and take it home if you like.  Also, the stack can be accessed from any Mac on the campus network.  From the Chooser, click on AppleShare, double-click on EDUC03, click on OK, enter “ED2271_mac” for name, click OK (no password needed), double-click on STUDENTS, an icon called STUDENTS will appear on the desktop—double-click on it, double-click on Reigeluth, and you can now drag the “5. Concepts” icon to the desktop or to a floppy disk.
Part II: Skill Builder 2
Synthesis: Sample Lesson

You will also find it helpful to do this activity 

prior to the in-class activity.  

The following is a sample lesson that shows the use of the strategies and tactics you have just studied.

1.
Working alone or preferably with some classmates, study the lesson carefully and label all tactics in the margin.  See if you can spot any weaknesses or ways to improve the effectiveness of the lesson, and discuss them.  Also try to identify what you think will contributes most to the effectiveness and appeal of the lesson.

2.
For each tactic you identify, think up a different way that tactic could have been implemented, and discuss it.

3.
Look at the test and compare it to the practice.  Are the two sets of items interchangeable?  Would there be any problems with repeating an item from the practice in the test?  Would there be anything wrong with asking the learners to state the definition as a test item?  Would there be any problems with using an example as a practice item?  Were all the important dimensions of divergence included?  Try to reach consensus on these issues.  

4.
Discuss what instructional tactics could be deleted if the difficulty level was a 1 instead of a 3 (i.e., if the students' prior knowledge and ability were such that the concept was very easy for them to learn).

To learn more about teaching skills, see Leshin, C.B., Pollock, J., & Reigeluth, C.M.  (1992).  Instructional Design Strategies and Tactics.  Englewood Cliffs, NJ: Educational Technology Publications.
Lesson on Alliteration

One of the techniques you may want to use when you write poetry is alliteration.  It provides a powerful way of communicating with your reader.  Before you can use alliteration, you have to know what it is.  The following lesson will make that easy for you.

Definition
Alliteration is the repetition of the initial sound of a word in one or more closely following words.

In other words, it has two or more closely following words with the same beginning sound.

Examples
1.  picking prickly pears
This is an example of alliteration because there is a repetition of the initial sound, "puh", in two closely following words.

2.  planning a psychology practice
This is not an example of alliteration, even though the words begin with the same letter, because they do not have the same initial sound (psychology does not start with a "puh" sound).

3.  stealthily stalking 
This is an example of alliteration because there is a repetition of the initial sound, "stuh", in two closely following words.

4.  drying the blue drapes
This is not an example of alliteration, even though there is the repetition of the initial sound, "druh",  because it is not contained in closely following words.

5.  finding a phony factor
This is an example of alliteration, even though the initial letters are not alike, because the initial sounds are identical and they are repeated in one or more closely following words.

6.  cold cider cups
This is not an example of alliteration , even though all the closely following words begin with the same letter, because they do not have the same initial sound.

Practice

Now you try it!  Which of the following are examples of alliteration?  Put an "A" next to each.  After you answer the first one, slide this sheet of paper down the sheet behind it until you can see if you were right.  BUT DON'T PEEK AT THE ANSWER TO THE NEXT ONE!!  

Then answer the next one, and slide the paper down a bit more.  

See if you can score 11 correct out of the 12!

____
1.  silly Milly

____
2.  a drunk driver

____
3.  many miles of mucky mud

____
4.  stopping to buy stamps

____
5.  six or seven celery stalks

____
6.  a happy group of hippos

____
7.  climbing the clever klondike

____
8.  the great gray grocery group

____
9.  flying a large American flag

____
10.  Cecilia singing a central song

____
11.  several cut-up chickens

____
12.  a pretty phase of pneumonia

Answers
DON'T PEEK AT ONES YOU HAVEN'T ANSWERED YET!!!

1.  silly Milly.
This is not an example of alliteration.  Even though the ending sounds are the same, the initial sounds are not the same.

2.  a drunk driver.
This is one.  There is the repetition of the initial sound, "druh", in one or more closely following words.

3.  many miles of mucky mud.
This is one.  There is the repetition of the initial sound, "muh", in three closely following words.

4.  stopping to buy stamps.
This is not one.  Although the initial sound, "stuh", is repeated, stamps does not closely follow stopping.

5.  six or seven celery stalks.
This is one.  The words six, seven, celery and stalks all have the same initial sound and closely follow each other.

6.  a happy group of hippos.
This is not one.  Although happy and hippos contain the same initial sound, they do not closely follow each other.

7.  climbing the clever klondike.
This is one.  Climbing, clever and klondike all have the same initial sound and closely follow each other.

8.  the great gray grocery group.
This is one.  The initial sound, "gruh", is repeated in three closely following words.

9.  flying a large American flag.
This is not one.  Even though flying and flag have the same initial sound, they do not closely follow each other.

10.  Cecilia singing a central song.
This is one.  Cecilia, singing, central and song all have an initial "s" sound and closely follow each other.

11.  several cut-up chickens.
This is not one.  None of the words have the same initial sound.

12.  a pretty phase of pneumonia.
This is not one.  None of the words have the same initial sound, even though pretty, phase and pneumonia all begin with the same letter.

Test

(This is a part of a larger test given at a later point in time.)

In the phrases below, underline those that are examples of alliteration.

1.  a shiny, ship-shape shoe shop

2.  a fine, finished photo

3.  Sour Citrus Society

4.  trying to trip Tracy

5.  bringing a new bridge

6.  a giant gray gypsy moth

7.  double trouble

8.  slipping slowly

9.  rich, ripe raspberries

10.  a heavy hour of hot gossip

Development Procedure for Designing a Concept Classification Lesson

1.  Identify the critical characteristics, and write a generality that includes the label (if any), the superordinate concept, and the critical characteristics.  To do this, you should observe or ask your SME about the nature of the post-instructional requirements for classifying the concept and assess the entry level of the learners with regard to the critical characteristics.

2.  Identify and list all dimensions of divergence (equivalence classes) for the concept.  

3.  Assess the difficulty level of the concept for the target learners (on, say, a scale of 1-5).

4.  Create an instance pool that contains roughly x items per dimension of divergence, where x = the difficulty level times 2.

5.  Create a test, using at least one item randomly selected from each dimension of divergence.  If the concept is a difficult one, increase the number of items per dimension.*

6  Create practice items, using at least two items randomly selected from each dimension of divergence.  If the concept is a difficult one, increase the number of items per dimension.*

7.  Create examples, using at least one item randomly selected from each dimension of divergence.  If the concept is a difficult one, increase the number of items per dimension.*  Include appropriate enrichment components, depending on the difficulty level of the concept.

8.  Create the feedback for the practice items so as to be virtually identical to the enriched examples.

9.  Think about motivational needs and media selection, and modify the instruction as appropriate to each.  (This should be done throughout the process, not just after all else is done.

* Note:  In general, the number of examples and test items should be about the same, and there should be at least twice as many practice items as examples.
