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Methodology for the Sequencing of Instances
 

in Classroom Concept Teaching
 

Robert D. Tennyson and Richard C. Boutwel.
 

Florida State University
 

ABSTRACT
 

a
The empirically.-validated instructional design presented is 


procedure for arranging and sequencing examples and nonexamples for
 

direct plcat~en to concept te.ach.ng in the classroom. Recent con..
 

cept. learnpg eesearch has used "laboratory" tasks, which have little
 

utlilty for mirTed'ate use by cassroom instructional designers. ioe.,,
 

teachers, h's rejecticn, due r:part to nonrelevancy has caused a
 

lack of impiemrentation of a supeior concept teach-,ng methodology.
 

In the classrczm tasks presented. effective concept teaching employs.
 

(a)exampie:, and nonexamp'.es "r concept sets.'* which consist of two
 

divergent examples. each matched to a ncnexample, (b)prompting. and
 

(c)equal d,;f:cu!ty of the instances, which is obta'ned by a two-step
 

function knowr as an instance probability analysis. The procedure
 

described is suggested as an alternative to the cost,.inflating, time­

consuming raw empiricism 'laboratory" approach previously used in
 

designing instruction.
 

http:nonexamp'.es
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Robert D.Tennyson andRichard C.Boutwell 
Fld'rida State University 

-Recent 
 instructional research studies (Tennyson, Woofley, ;- -K 

Ir~ M192 I ill enysn 9&- -- 5 - Tenyon 193 hdare 

inVesti~yatEd variables and condit.-ons, that have a di rect. appl .a.cr 

.toI thle des ,gn of' concept teaching. The procedures for the equeocng 

-- . of examptes and 'nonexamples Kep~eted in this article are basco -rar' 

empirically validated instruct,,,orial design theory, vihich addre,:se 
itself to class'roonir applicat,,or, rather than the aw emg -'ciwr I bc,a 

tory" app~cach, The premises of the raw empiricism' developirerntl pro

I cedure a~e t~hat instructional outcomes should be specifPed leacrc, 

performance should be observed, *jnd the instructioral prcces - hcou'd be 
.~. revised untl per formance cor~esf.c-nds to the specii-F~d outcome.. Iho 

-: 	 result -is that the tryout-revise cycle must be repeated many tierns 

thus inflating the cost of instructional development and delzaying at' ain -

I ment 	 of optimal performlance %evels or instructional efficiency. 

Oftentimes the immediacy of the classroom instructional sett-,ng
 

*. . is lost to the researcher inthe laboratory. The pragmatic and unnecessarily
 

crude decision-'making of instructonal variables which takes place iii 

classrooms could be avoided if research implication would be disseminated 

to enhance greater use rather than to solidify existing barkiers betw,een 



_____ 

n .A .... .. . ..... 

cie ove 20 stdesdalngul:rlc O acqistion,it wasfoundwith conep 


chited oe st dse ng t art a isiest la fnidconcep concept 

research has resulted inan equal lack of implementation of insti'LcCtiOr~Uy 

superior methodology. 
: : G n ..
Another problem for classroom teachers, vis-a-vis research findings, 

is that research investigators frequently have not made a distinction 

between various kinds of instructional outcomes, and have tend(_,t 

investigate simple.tasks and then generalize their findings to all learning 

situations. In addition, most of those laboratory experiments deal with 

simple recall' tasks rather than on the more desired classroom behaviors 

of concept learning, rul~e using, and problem solving. Merrill and Boutwell 

(1973) surveyed previous reviews of research literature related to 

instructional psychology (Anderson, 1967; Gagne and Rohwer, 1969; and
 

Glaser and Resnick, 1972) and found most of the reported experimental
 

studies to be concerned with the cognitive ability of recall information.
 

The purpose of this article will be to investigate the higher cognitive 
 A 

skill of classification (concept acquisition), and its implication for ..­

direct application on the part of the classroom teacher.
 

Mechner (1965) defined concept acquisition as generalization
 

within a class-and discrimination between classes. He pointed out that
 

unless -both processes were assessed simultaneously, itwas not possible 

to infer concept acquisition. Inorder to assess concept acquisition, 
 .. 

both examples and nonexamples must be presented to the learner, and his
 

f fA 
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Adefinition concept. Fear' is the painful emotion conjured when. 

SIn 

apprehending evil 'or harm. 

this instance, the limits~are, set by the definition, if the 

'K definition was~expanded, the word would assume additional mai 

exmpe tye-ord~orthoboeeadto:Far-aeec 

iij, For 

change the entire concept. So definitioncocet ar-oeh3.~jc'i ve, 

, and observation concepts tend to be objective. 

When teaching concepts the definition can be clarified by recall71,~ 

for the studentthe component elements of the concept. For examnple: A 

Sfang isa long, sharp tooth. This regular definition can be extended to 

be an attribute definition by explaining the component parts, that is, 

>> 

onsharp, and tooth. Thus the attribute definition yould begin: 

A fang isa bony appendage protruding from the, jaw, of a greater 

length than the standard, and having a fine point.designed to 

cut or pierce easily. 
There are ireeatattributes of a dfnto.These are 

Sthe aspects that,are not basic to the meaning. However, irrelevant 

attributes often addasuperfluous information that can help the student 

~'understand the concept. Refer to the observation concept chipiflu.nk­

- ~'~iP'~ Irrelevant attributes may include the following information:
A4 

1. The chipmunkis terrestrial inhabits. 

S2. itisoften called a ground squirrel. 

j~i' ~ 3. In the west there are numerous species. 

4. Most chipmunks are brown. 

-

i~ 
.. 
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None of the four irrelevant attributes listed above places the chipmunk
 

into the concept class chipmunk. Extremely elementary irrelevant
 

attribute: would include such items as:
 

1. Chipmunks have two eyes.
 

2. They each have a tail.
 

3. Their bodies are fur-covered.
 

4. They seem nervous.
 

Again, none of the above attributes apply only to chipmunks. However,
 

these irrelevant attributes would help give a 5-year-old the correct
 

concept of a chipmunk.
 

Generalization within a concept class can be illustrated by a
 

Venn diagram (Figure 1). Each * indicates one example within the concept
 

class. For the best teaching, only a part of those examples will be
 

used to represent the whole class. The student will be tested with
 

unencountered examples to see ifhe can generalize beyond the "spoon-fed"
 

examples. Suppose each * represented a pronoun and the circle included
 

all pronouns. The teacher would present the definition (critical
 

attributes), and then select examples that helped the student understand
 

the entire class. The teacher may say, "He isan example of a pronoun.
 

It can represent a name. Isshe a pronoun?" If the student was able to
 

identify she as another example, then the student has generalized to
 

other pronouns.
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responsible for the exampnle being of~the concept class poetrY. 

are asExamrples are divergent when their irrelevant attributes 

different as pos'sible. Here are two mores Iselectionsfrow the concept.,, 

class poetry:, 	 ai3:2.,.< 

Out'of ch1d od ilto-

Now3 had g-own-my Hiawatha. 
'; 

(Longfellow) 

The God of' love my shepherd is,
 

. 

And He that doth me feed.. 

While He isMine, and I am His,
 

What can Iwant of need?
 

(Herbert)
 

inthe following aspects:
Inspection reveals that these 	examples diverge 

the poets represent different time periods,they ar~e of different length, 

the subjects have no relationship, etc. 

The most effective relationship between examples and nonexamples 

(Tennyson, et. dl,,'1972). A-matched si't'uation occurs when anismatched 


nonexample have similar irrelevant at-tributes. The only

example and a 

difference being the critical attributes. Using the .poetry illustration 

again, suppose the concept to be taught was trochaic meter. 
Thecri~wica
 

stressed syllable followed by an unstressed one,
,.attribute isthe meter: a 


other things would be irrelevant as in the illustrationsI.All 
above.
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The fleas live on the blood of
Not an example - Fleas on a dog. 


the dog, and are a hinderance to him.
 

(Parasi ti sm.) 

Example: Hermit Crabs and Sea Anemones. The sea anemone settles
 

Other
on an old shell inhabited by the crab. 


predators won't attack the crab because oi 

turn the crab movespoison tentacles, and in 


the anemone around. 

(Dispersal .) 

fish lives
Small fish and Sea Cucumber. The small
Not an example ­

in the cloaca of the sea cucumber (protection
 

and dispersal) while hindering the cucumber.
 

The two examples are divergent because one uses 
land organisms
 

while the other uses sea organisms. The two instances have the defined
 

see that mutualism exist on
 critical attributes, but the student will 


both land and sea. Two quite different types of benefits are demon­

much larger one, however, one is beneficial,

The first matched a
strated. 


In the second matched condition two organisms
while the other is not. 


attach themselves to another, but the nonexample 
shows a parasitic condition.
 

in the form of a verbal description of the relationship
The prompting is 

instances is e.'s­
between the two organisms. The difficulty level of the 

the two examples are easily recognized as members 
of the concept


i.e., 

nonmembers
 

mutualism, and the two nonexamples are easily 
recognized as 


Usually, one concept set is insufficient for learnirj,
of the concept. 


The succeeding sets
 
therefore, a range of difficulty of sets is required. 
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should be as different as possible from the first, and so forth. In 

other words, the individual concept sets are divergent. The complexity 

of the concept determines the final number of concept sets to include 

in the total instructional program. A concept set divergent to the 

first is the following: 

CONCEPT SET #2
 

Example: Termite and Flagellate Protozoa. The protozoa find
 

a place to live in the stomach of the termite,
 

and provide the enzyme for the termite to digest 

wood. (Both benefit.) 

Not an example - Tapeworm and man. The tapeworm lives in 

the adult stage as a parasite in the intestines 

of man. 

Example: Algae and Fungus. The algae produce food for the
 

fungus and the fungus holds water that the algae
 

use to make food. (Both benefit.)
 

Not an example - Dodder on plants. The dodder sucks nourishment 

from the host plant. 

The instances used in this concept set are somewhat harder than 

inthe previous set. Again the two examples are divergent; one an 

organism that lives in wood, while the second in any place where mui L Ir', 

is available. The nonexamples show the matched relationship with examp. . 

Notice that the prompting focuses the student's attention on the critical 

attributes. 

Designing instruction is unique for each content area. We 

emphasize that the steps presented here can and should be modified to 



your.own objectives. The following example of a concept set on geometric 

figures will illustrate this point:
 

Concept definition: A square is a plane figure having four
 

equal sides and four right angles.. 

Critical attributes. A plane is a surface that wholly contains
 

every straight line joining any two points lying in it. A figure is an
 

outline or shape of scmething,, form. Equal means of the same quantity,
 

size, number, value, degree, intensity, etc. Angles are the shape made 

by two straight lines ineeting at a point, or by two plane surfaces eetkig 

at a point, or by two plane surfaces meeting along a line. 

Irrelevant attributes: Size; shape; ability to stand alone. 

Example[I 
A. each is small. 

Nonexample B. each has four sides
 

C. each has a base line
 

Example
 

A. each is large
 

Nonexample B. each has equal length sides
 

C. each has four sides 

Notice that the definition is similar to our past examples, but 

the critical attributes are-written in phrases, rather than in short 

statements, while the irrelevant attributes are short statements. 

Your style and approach to the subject matter is diffe;'ent from other 

teachers, and how you implement the steps in instructional design wil 

be unique. The above concept set uses another modification in that the 
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prompting stresses the similarity between the matched instances; the
 

student has to then infer the critical attributes.
 

Another example of a concept set is the following on crystals.
 

Inthis illustration the prompting is detailed because of the complexity
 

of the concept, and that the grade level iscollege, which requires more
 

detaile4 content than the simple example on squares,
 

Concept definition: there is a type of crystal called RX2, which
 

has two-to-one ratio inits atomic structure, i.e., for a given atom
 

there will be another two (on cluster of atoms) attached to it in a
 

repeating fashion.
 

Critical attribute: two-to-one ratio
 

Irrelevant attributes: size, color, density, shading
 

Example:
 

Example:
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In identifying crustal types from these pictures, different atom types 

can be denoted by different: 

1. sizes; 2. types of shading (amount of shading shows depth);
 

3. colors (black &white)
 

or some combination of these three properties.
 

Inthis example, type of shading and color are properties not used
 

to differentiate the atom types.
 

This example points out subtle features which help inexample identi­

fication. First, the different sizes of atoms isnecessary for
 

differentiation of atom types. Second, the amount of shading (for
 

depth) draws your attention to the basic cluster.
 

Not an Example:
 

The crystal shown below isa nonexample because itcontains 'only
 

one type of atom, i.e., the atoms have the same size, same color,
 

and same type of shading.
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Example: 

In identifying crystal types from these pictures, different atom types
 

can be denoted by different:
 

1. sizes; 2. types of shading (amcunt of shading shows depth);
 

3. colors (black & white)
 

or some combination of these three propeeties.
 

Inthis example, size and color are not used to differentiate the atom types.
 

The characteristic that makes the two atom types different is their
 

internal markings (type of shading). One has short lines rather than 

dots for shading. Once you have discovered both types, all you mu. 

do isdiscover the ratio. 
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Not an example:
 

This nonexample has the atom types characterized by both different
 

sizes and different internal markings. The ratio of these two types
 

is one-to-one.
 

The above instances were selected from a larger group which had
 

been rated inan instance probability analysis (see Tennyson & Boutwell,
 

We will
1973). The level of difficulty for the four instances was easy. 


con­not show another concept set on RX2 crystals, but remember that several 


cept sets are necessary.
 

Inthe previous article (Tennyson & Boutwell, 1973) we presented
 

the procedures for conducting an instance probability analysis using, 

as an example, the concept of adverbs. The article ended with a group f 

sentences identified as easy and a second group as hard. The next step 

Below are
 
was to take those instances and arrange them into concept sets. 


the instructional choices organized into an easy and hard concept set
 

to the other article for ratings).(refer 
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Easy Concept Set:
 

Example: Slowly, she walked home.
 

Slowly tells how. Slow
 

describes the girl, so it
 

is an adjective. Itdoes
 

not affect the verb.
 
Nonexample: 
She isslow.
 

Example: Are you fighting mad?
 

Mad is an adjective, f"
 

tells to what extent, Do light 

isthe verb; do isa helper
 

needing another verb to complete
 

it.
 
Nonexample: Do you fight?
 

Hard Concept Set:
 

Example: The small floral print looked pretty.
 

Small modifies floral (an adj.).
 

Nonexample: 
The small print looked pretty.
 

Small modifies pattern (anoun).
 

Example: The most dangerous weapon isa gun.
 

Most tells to what extent the gun
 

Is dangerous.
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Nonexample: 	 Most guns are dangerous.
 

Most qualifies the noun.
 

The number, of concept sets depends on the difficulty of the 

You, as the teacher, have to make that decision.
concept class. 


Conclusion 

The instructional design presented in this article discussed a 

procedure for arranging and sequencing examples and nonexamples 
for concept 

a teache or- instructional 
teaching in the classroom. Whether the user be 


developer, the methodology is adaptable to the individual's 
own objecL,.
 

We recognize that different subject matter would require 
modifications
 

of the system, however, the basic format does generalize across content,
 

With continued practice you should develop unique 
variaticns that will
 

improve the concept set to your instructional needs.
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