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tion, undergeneralization, recognitien of the concapt definition, and
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knowledge of interrelationships amoig conce

xamples in

studies it was shown that: (1) presenting

tional teaching sct promoted correct classification of unenceuntered

=y

a, ré

from the rational teaching

instances; (27 removal of negative instcanc

significant overpencralization; (3) providing a concept

definition with the rational set of 3 or 4 instances and 3 or 4 non-

instances was not more effective in promating concept learning than pro-
viding the vational sot alenc; and (4) providing a rational sel of in-

stances and non-instances together with concept definition and emphasis

of reolevant attrihutes was more coffective in promoting recognition of
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Contcept dearning s o tonic fo ovchologival reseorch whiel

is relevant ro both rheory and practice.  Clark (1971) estimatoed

Cheat in the past throe decaedes over 2% coperimental atudies on
concept attainment have been conducted in the laboeratorv. Par-

Allel to all this experimental research, however., has beon the
P 3 a

continuous involvement of classrocm tenchiers and curricul um

specialists in the teaching of concepts.  According to Glark

‘her incon-=

e

most teachers present subject-matter content in o ra
sistsut manner, for not only do teachers differ from one another

in their methods of presenting a given concept, but the same

b

teacher may present two different concepts in two totally dif-

]

¥

il
o

ferent wavs. Understanding the principles of learning concept

as for the researcher. With researchers and teachers sharing
such common intercsts, one would expect a gpreat deal of faeili-
tative interaction between laboratorv and classroom, but all

too often this has not been the case. Only within the past
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Since 1961 the Wisconsin Rescarch and Development Center
for Cognitive Learning hoc bhecn engaged in research on concept
learning in laboratory and school settings. The present study
is part of the programmatic rescarch underwav at the R & D
Center to investigate variables which influence the learning of
subject-matter conceprs. PBecause there are so many different
variables which inflluence concept acquisition, it may be helpful
to consider the differenr kinds of variables in terms of three
major groupings, irregardless of the medium which is utrilized
for instruction (Klausmeier, Davis, Ramsay, Fredrick, and Davies,
1965): instructional variables, learner variables, and concept
variables. Within such a framework the present study is focused

ariables which affect the learning of
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Many of the earlier studics on concept attainment were very

specific and well-controlled lahoratory experiments :n which

S typically performed a sorting task on a matrix of geometric
S ions

figures which varied along a limited number of stimulus dimens
(color, shape, etec.). Bruner earlier had done considerable

research on concept learning using such a matrix of geometric

i
U‘E

forms. The kinds of concepts taught in the classroom, however,

b

re quite unlike the classic Bruner-type concepts, particularly

because subject-matter conrepts usually have an infinite rather

than a specifiable finite number of characteristic features, or
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attributes. Nearly every subject taught in school can

)

sildered as a collection of related concepts, for as Gagné pointed
out, "concept learning constitutes by far the major portion of

the learning associated with what is supposed to go on in schools"

usually presented first, and as the student builds upon pre-

viously mastered concepts he progresses
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among the concepts he has studied. On. of the most fruitful

lines of research to emerge in recent vears is the investigation
of concept Tearning in the classroom itself, using subject-matter
concepts. Only through studies which explore actual classroom

h beceme relevant

W

I

variables and processes can Jearning resear

0o the real world of instruction.

II"‘I'

BACKGROUND OF THE PROBLEM
Programmatic research at the Wisconsin R & D Center has led

to the isolation of many important instructional variables

involved in concept learning (Blount, Klau smeier, Johnson,

Fredrick, & Ramsay, 1967: Frayer, 1970; Frayer & Klausmeier,

||'":l\
e

1971; Scott, 1970; Smuckler, 1967). Some of the specifi n=

onal variables which have been studied include: number

5t t
of examples and non-examples, ratio of positive to negative

examples, variety of positive and negative examples, sequence

O
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of examples, emphasis of relevant attribute values, instructions
to recall previouslyv learned subconcepts, cte.

A great deal of attention has been given by various re-
searchers to investigating the vole of positive aad negative
instances in the acquisition of concepts. Tn 1969 Markle and
Tiemann first introduced a sct ol instructional materials and
slides explaining how to analyze and teach concepts in such a

way as to avoid certain common crrors in classification. The

Tiemann, is to analyzc the concept in terms of its relevant and
irrelevant attribute~. Then a rational set of teaching examples
and non-examples is prepared by choosin 1ig enough examples to cover
the range of irrelevant attribute values and enough non-examples

to exclude each of the relevant attributes. TIf, for example,

a teacher wished to present the concept insect to her science

class, she might Tirst analyze the concept in a manner similar

Criterial (Relevant) AttflbuLLa
1. invertebrate
2, six jointed legs
3. one pair of antennae
4. body parts divided into head, thorax, and abdomen

1; gize GF lpy

2. type of legs, e.g.,
3. 1internal or externa Lon
4. bﬁdy shape, e.g., elongated, stubby
5. wing size (or absence of wings)

6. mode of locomotion, e

7 olor (overall and of body uarLa)

£
5

ﬂ
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Since Markle and Tiemann prescribe enough teaching example
to cover the range of irvelevant attribu:e values, i good set
: ]

would include invertebrates with

antennae, and three body parts,

in si of legs, tvpe of legs,
body shape, ete. In keeping with the prescription, a good set
of negative examples would also be presented, and for the con-—

at least four non-examples are needed because there

are four relevant (defining) attributes to he excluded one at a

time.
Markle and Tiemann (1969) not only devised a set of prescrip-
tions for selecting examples and non-examples to use in instruc-

tion, but went on tn propase a behavioral measure of what it

means to '"'really understand" a éaﬂcepti They affirmed that

simply restating a definition of the concept which was presented

during instruction does not measure understanding. Rather, they

measure concept mastery in terms of a student's ability to classify
previously unencountered instances as either examples or non-

examples of the concept. The student who really understands a

learned during dinstruction. Markle and Tiemann are as interested

in the kinds of errors which are made in classification as they
are in correct categorization, and it is this concern which has
led to some interesting hypotheses about the role of peositive

rive instances in concept acquisition. According to

o
b=
ja®
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=
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Markle and Tiemann, the function of positive instances is to

broaden the student's conceptual boundaries and assist him in

stances of the concept. ' not cnough
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are proesented duavinge instruction,

ce is an-ervor ealled undergenevali-

zation, in wihich the student Jdoes aor identify all of the new

examples because bis conceptual boundarv is too narrow. On the
oth hand, negative instances are equally important in preventing
the cpposite kind of classification error, overgeneralization.
When not enough nepative teaching examples are presented during

instruetion, the student's conceptual boundaries are not suf-

ficiently limited for him to discriminate certain instances as

oncept class. Overgeneralization is a
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classification error in which too many instances are identified

Several researchers at Brigham Young University (Tennyson,

A

dence or

s

rical ev

o

Jvooley, and Merrill) have been gathering emp

the Markle-Tiemann preseriptions, and their findings support the

position that both examples and nopn-examples arc important in
concept teaching. 1In a study involving the concept trochaic
meter (Tennyson, Woolley, & Merrill, 1972), independent vari-
ables designated as "probability, matching, and divergency"
were manipulated to produce certain specified classification
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test in which naive students were asked tc

number of examples amnd non-—exc

basis of the concept deiinition alone. Some

examples and non-—examples were casily identi

proportion of the students and those were ¢
instances, whereas other examples and non-examples
infrequently identified and were termed lTov=prohab

losely examples and non-examples
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by giving students a restricted range of examples consisting of
the concept definition and low-probability (subtle) non-examples
but very high-probability (obvious) non—=examples. The poor

bility (obvious) non-examples. This expe
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provided a very poor selection of teaching non-example which
according to Markle and Tiemann would cause the student to

r to mistakenly identify new non-examples as

overgeneralize, o r
membe:rs of the concept class. The Tennyson et al. results

confirmed that a poor selection of teaching non-examples will

result in overgeneralization, just as Markle and Tiemann hypo

thesized
One deficicncy upparent in some of the past concept learning

Markle and Tiemann have proposcd how ro teach concepts, but have
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necessarily have implications for concept learning at the pre-=

school or primary level. Not all concepts are equally complex,
and not all concepts are learned in the same way. In discussing
the results of their studies, few resecarchers have attempted
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involves a progression from concrete to formal levels, but this
is not always the case, for some concepts may not first be
attained until the formal (or highest) level. klausmeier's

operational descriptions of the four levels of concept attain-

Attainment of a concept at the classific
1 ! individual responds

two different instances of the same class

lent even though he cannot name the attributes ¢

to them.

Attainment of a concept at the formal levcel is in-

ferred when the individual with normal language de-—

velopment can accurately designate certain objects

or events as belonging to the same set and others

as not belonging to the set, can give the name of

the concept, and can name its intrinsic or societally

accepted defining attributes.
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In relation to the model of cognitive operations, organismic
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iables (the instructions) are all operative

environmental varia

give levels. The nature of the

\]]",[4
m

at each of the four progr

nt

i

instructional variables under investigation in the pres
which are subsumed under formal

Klausmeier. The model

concept learning in the model proposed by u
itself is helpful in relating seemingly diverse studies on

dif ferent levels of abstractness and complexity, and it seems

re integrated frame of reference than other more

1 ed d simplistic models.
PURPOSE
The present research is concerned solely with in nstructional

\ '~1

ariables presumed to influence concept learning at the formal

|._u

level. The dependent variables selected to measure concept

which are tapped at

M‘

acquisition parallel the kinds of abilitie
the formal level. specifically, the dependent measures in this
study are: recognition of new concept instances, knowledge of
concept definitioun, knowledge of interrelationships among con-
cepts, and the classification errors of overgeneralization and
undergeneralization.

Three main studies are intended to investigate the effects

of certain independent variables (number of positive and negative

I‘Tw

on, and emphasi

H

instances, concept definit:
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specific questions to be answered are:

HYPOTHESES

1.

What are the effects of presenting selectsd numbers
of positive and negative instances in the absence
What are the effects of presenting selected numbers

of positive and negative instances in the presence

di.d -egative instances, what are the effects of

It is hypothesized that the presentation of a Markle-—
Tiemann number of examples and non-examples in the
absence of a definition will result in better per-

e on the dependent measures than the presen-

=
o
a1
g
i
e
ﬂ\

tation of selected numbers of examples alone. It

is also hypothesized that the exclusion of non-

gy

y more over-

=

examples will result in significant

It is hypothesized that when a definition of the
concept is provided, there will be no significant
differences in performance among treatments, whether
a Markle-Tiemann numbexr of examples and non-examples

or selected numbers of examples alone are presented.
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3. It is hypothesized that when the full Markle-Tiemann

set of examples and non-examples is presented,

levant attri-

i

concept definition and emphasis of r

butes will ecach facilitate concept learning per-
formance on the dependent measures.
SUBJECTS
There were 37 Ss in Main Study I, 102 S5s in Main Study II,

and 114 Ss in Main Study ITII. AJl three main studies were con-
ducted in predominantly rural Midwesterr schools with sixth-grade

children.

METHOD

Ss read each of the lessons and took the appropriate tests,

volving a total of about one hour. Approximately two weeks

later the same tests were administered as a retention measure.
Statistical comparisons of mean scores on the various

dependent measures were made, and the ordered hypotheses for
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csted. Tukev pairwise comparisons of mean
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dif ferences were performed on variables not included in the spe-

cified hypotheses. Univariate analyses of variaice were also
done on various test scores.
SIGNIFICANCE OF THE STUDY

By studying the ecffects of certain stimulus and instruc-

"‘J

tional variables on the learning of actual subject-matter concepts,

5 possible to make more realistic assumptions about the

it i 85

classroom learning process. In this respect, the present study
has implications for the classroom teacher who is searching

for the "best'" way to present a particular subject-matter concept.

Insofar as the variables explored in this and other studies arc
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common to many of the usual school subject matter

research may eventually lead to a formulation of prescriptive

™

cla:

U’J

guidelines for the teaching of sroom concepts,

The present study provides empirical support for the kinds
of prescriptions which have been made by Markle and Tiemann as
well as Tennyson, et al. The various patterns of correct and

incorrect classification which have been studied here may have

great utility in making preparation of materials for future
studies more efficient. 1In terms of development of materials

for the classroom, the results of this study may have implica-
.tions for the preparation of textbooks and other printed instruc-
tional materisls. Insofar as the instructional variables in

13



this study are representative of variables which affvel (he
learning of formal concepts, the present rescarch also bas {n-
plications for extension and verification of the model of cog-
nitive operations proposed by Klausmeicr. Finally, the poverful
natuie of variables such aszthe kind investigated in the present
study may lead to further hypotheses, prescriptions, and vali-
datiang'ccncerning the acquisition of concepts through printed

instructional materials,
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REVIEW OF RELATED LTTERATURE

BASIC TERMINOLOGY
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Concept learning litarature is repl with torms possess-
ing very specialized meanings, and for that reason a4 brief

explanation of some commonly used terms mav prove heneficial at

the outset. 1In The Psychology of Thinking, Bourne et al. define a

il

concept as "any describable regularity of real or imagined events
or objects," and state that "to learn a concept is to acquire an

understanding of a formerly unrecognized regularity' (p. 177).

L.earning a concept, therefore, is actually learning to categorize
in a certain way according to certain describable regularities.

Another more commonly used label for the "regularities

or "characteristics" of objects and events is the term attributes,
Bruner prefers to think of attributes as a set of "cues" which signal

the identity of an object (p. 25). Bourne et al. refer to attributes

W]
=

as "diseriminable characteristics", but point out that the attributes

[
wl
i

!

of a concept may not always he clearly specifiable in terms of
physical stimuli (p. 179). The following three distinctions are

usually made concerning attributes:

L]

1. Attributes which enter into the definirjon of a conecept,

discriminable fea ures of a concept which define

or tho

il
I
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th oncept v LanEs, are teried detfinine or g
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attributes.  The term volevant attribute |- froequent iy

tsed o mean rhe wame e
Lthe present study when emphacis of relovant attribut es
actually refers to those attributes which are included
in the definition of the concept.

For example:  The defining (criterial, relevant)

attribute of the conceplt voleano is "formation by

molten rock pushing up through a hole in the earth's

2. There are other attribute - which are still relevant but not

criterial for ididentification of a concept, and as such

definition.
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For example: Such attributes as "height", "color of

o

surface', '"geographical location', etc. have values which
differ from volcano to voleano without changing the proba-

'volecano', so these attributes
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The role of twpa o instances {nositive or
concept learnine jas lone been disporod.  dmobe

ditference in pertormance bhetween

and S5 using both positive and neeative fnstanceys,

Using positive

that negative Instarnces did not retard 1o o ing.

of laboratorv studivs on conecopt fdontif i it io-

performimee is best when 58 are presented wilh

Instances, ag opposed to cither a mixtare of positive and

or negative instances alone (Hovland

Huttenlocher, 1962, 1964; Olson, 1963: Smuckler
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attainment, has concluded that the bulk of rescarch

of 25) indicates a sequence of all

effective than a mixed sequence of both positive

with the transfer of concept learning (either

4 strong case can be bhuilt for negative inst:
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grounds. Markle and Tiemann view positive and negative
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Merrill (1971) poatulated a1 theory Tor teachine Concept s
verv similar to that o1 Marklse aad Tiemann, which calls for cConeept

grles dIFToringg swidely in irrelevant attributes (v v generaliza-

tion) and concept non=cxamples with irrclevant attributes rescmbling

(for diseri ination). Stated another

those of the
way, Merrill recommends tosohing examples which are "divergent
(irrelevant attributes as different as possible) and "matched' with

respect to non-—examples (irrelevant atrributes of the oxamples and

I

non=examples as similar as possible). A studv by Tennyson, Woolley

and Merrill (1972) investigated various patterns of classification as
1 ¥

a function of the kinds of instancos which were presented du

instietion.  Seventy-six college 8s were randomly assigned four

v st . of lessons on the concept trocha ic meter (consisting of
sixteen positive and negative instances), and took an acquisition

erred to the
difficulty of the concept instances, and was determined by computing

the percentage of students in a separate sample who correctly

or more of the sample (they were obvious), whereas low=probability
instances were ones which were identified by 30% or less of the

sample (theyv were subtle). Tennvson et al. made the following

hypotheses for the four combinations of positive and negative instances:
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Overgeneralization will oceur: 1T low=probability

widely in

instances are presented, i e

irrelevant attributes, and cxamples

are very different in

will if only high-probability

(SIS T gl

Undevgeneralization

‘:J

instan examples differ widely i

. and if non=cxamples and examples

irrelevant ateribute

share similar relevant attributes,

]

Misconception will oecur: if both high- and low-prohability
presented, if examples are similar to cach

ples

are
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non-—ex:s
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attributas, and if
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variable of negative instances by removing non=oxemplare from
cach of the four conditions. Based on researvch [indinegs dealing
with negative instances in concept attainment literature (Which
indicate that human 58 cannot make use of pegative instances),

that 5s would respond on the postrest eoxacecly

as in HBxperiment 1. Tennyson discovered, however, that on the

task used in his study, S= in Fuperiment 2 (without negative

.*_f'
<
m
par
o
rr

instances) respondad randomly en the posttest. lils interpretation

was that 5s completely failed to acquire the concept adverbh when

presented with positive instances alone. Tennvson concluded that

;,_,w

D

negative instances arce important Iin concept acquisition becaus

they force the § to concentrate on the relevant attributa(s) when
presented with a matched relationship of examples and non-examples.
(In a matched relationship the examples and non- examples are as
similar as possible in their irrelevant attributes, so the only
differences are the relevant attributes.)

n summiarv., there js strong evidence (Tennyeon, 1971) that
contrary to the literature which discounts the value of negative
instances in concept attainment, negative instances do exert a
unique function in preventing the classification error of overgenerali-
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Studies which have tricd to determine rhe antimal coambor

ol instances Tor teaching concepts have boon largely incon-

tusive as to whether a small number or o 0 iree numher of

13

inscinees is more facilitative (Amster, 1966: Callentine & Warren,

i)

1955%; Morrisett & Hovliand, 19593, In part, this mavy he due t
the fact that concepts differ areatly from one another in number

5. Sinco

(g}

of definineg artribntes and nuambey of irrelovant attribut
concept complexity is a function of the number of attributes i

it must be apparent that unless studies are

concept poss
equivalent in terms of complexitv the results will be inconsistent.
For example, if Study A uses o concept with 4 relevant and 4 irrele-
vant attributes, and Study B uses a different concept with only 1

relevant and 1 irrelevant attribute, the presentatl ion of 8 instance

|m‘

(4 positive, 4 negative)

\]:,'1:,@
r
"
ot
i

oving

‘1"

for the two studies. 1In effect, Study B would be empl
equivalent of four times as many instances as Studvy A,
The model for teaching concepts postulated bv Markle and Tiemann

(1969) prescribes a number of poesitive and negative instances which

is dependent upon the number of attributes which a concept possesscis.
Again, Markle and Tiemann recommend enough positive instances to caover

to systematically exclude each of the relevant attributes. This
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number of  instances comstiEntes
set of teaching instances, and i relative varher than ahsolote
Duedanse LU depends upon the numiber ot relevans ood frrelevant

attributes of the convept Lo be *aasht.

Fraver (1970 vrosentod ofeabi of provrammed lessons

dealing with seometric concepts to jourth- and sixth=grade

children to determine the offect of number of instances and cmphii—

sis of relevant attribute values on concept mastoery.  Fither 4

noce

o
i

(4 positive and 4 negative) wore included in the le ssons. 8

“es were repeated in her study, an increase in the number

4 to 8 implicd an increase in the variety of
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instances as well. The 8s studied lessons for four

a multiple-choice test and a complction test which consisted of

eleven types of questions related to concept learning (specifically
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and non-examples, concept names, relevant and irrelevant attributes

concept definition, and concept relationships). The results of

concept instances (2 positive and 2 negalive) or 8 oncept instances

attribute examples, attribute names, concept examples
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Remstad (1969) prosented o serics of plane gcometry concepts
to fifth=-srade child sen with slides nd tape=recorded vorbal cues,

in which one of the independent - riables was number f positive

s
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instances (6 or 9), Miother Independent variable consisted of
five ratior of positive to nepative fnstances (all pusitives;
2 pogitive to 1 onegatrive; 1 opositive to negative; 1 positive to

The results of the study showed

2 negative; or all negatives).
that there was no significant Jdiffcrence in the

negative (2:1) produced substantial incremcnts above baselinc

responses. In discussing the results of his study, Remstad sugges
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may improve signidicant vy, it does not seem true, howover, that
simple increasing the number o positive inatances will resalt

in better concept learning.

Concept Defi

The effect of providing .. concept definition on the attajin—
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test the students' recall of the definition. Fven
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concept acquisition. Merrill and Tennyson (1971) conducted an

experiment in which the concept trochaic meter was taught to 180

g

2ducational psycholeogy students at Brigham Young University., The

(defining) attributes of trochaic meter were stated.
2. Attribute definition (A), in which each relevant and
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4. Artribute prompting prescuatation (M), Lo which cach
example is accompanicd by o statement of the relevant
attrihutaes and why they are relevane, .l cach noa=
cxample {5 accompanied by o0 statenent and explanat ion
ol the redevant attributes which are Laccing.
Eight compinatiouns ot the four independenr variables constituted the

treatment conditions (D, DA, F. DYEL DAR, P, DEP, DAFP). lLessons on

identical o the Tennyson ¢t al. study in terms of

w

trochiaic

probability, divergency, and matching were read by the Ss, and a post—

il

test was given wvhich required the 5% to generalize to previously

unencountered examples and to discriminate previously unencountered
non-examples. Merrill and Tennyson hypothesized that treatment groups
D (definition only), k (examples/non-examples only), and DE (definition
plus examples/non-examples) would all result in overgeneralization

because there was insufficient information to promote discrimination.

Resul of the study confirmed their hypothesis (p<.01) and revealed
that the least effective conditions were b (definition of relsvant
attributes aleone) and E (presenta~ion of examples and non-—-examples
alone). An important finding of Merrill and Tennyson was that Ss given
only the concept definition performed as well as the group receiving

a full set of examples and non-examples without definition. This

would suggest that defining a concept by specifying its relevant
attributes provides the S with a substantial amount of- information.



instances and emphasis of relevant attribute values in the

:nce of a definition which specified the relevant attributes

\m

pre

of the concept. She found no difference in performance due to
the number of concept instances presented (2 positive and 2
negative vs. 4 positive and 4 nepative) when a definition of the
concept was provided. Although Frayer did not study the effect

of number of instances when a definition was not provided, it

that the effect of number

b ]
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does not seem unreasonable t suppose

different when a definition is presented than
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of instances
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nderson and Kulhavy (1972) did a study in which college

were exposed to one-sentence definitions of unfamiliar concepts

I

and then answered multiple-choice questions requiring them to select

concept instances and non-instances. They found that merely giving

a definition significantly af!ected instance recognition, and

luded that people can easily learn concepts from definitions.

ﬂ\
]
Im

Cone
It is worth noting that Anderson and Kulhavy did not take restatement

of the definition as a suitable measure of conceplt comprehension,

They tested for learning on the basis of the 33' capacity to generalize
Yy g I ) 24

T
Df'\

to previously unencountered examples and to discriminate previously
unencountered non-examples of the concept. This criterion is the
same as that used by Markle and Tiemann and by Merrill, and greatly

diminishes the effect of Ss who respond on the bhasis of surface

information without comprehension of the concept itself,
O
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In summary, although there is not a great volume of litera-
ture on the effects of providing concept definitions, there is

evidence that definitions which specify the defining attributes

of a concept do have a beneficial effect upon concept learning

nstructional variables because of the amount of relevant

.—l\-
i
[

information which the defini.ion supplies.

mphasis of Relevant Attributes

| I3

| L

In printed instructional materials, cmphasis of relevant
attributes is achieved by any cue which effectively draws the S's

attention to the relevant attributes of the concept. This may

-
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involve arrangement of copy on the page, attentioa-directing ymb
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such as arrows and boxes, or the use of informative feedback in

f lesson formats. The 1971 study by Merrill and
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Tennyson (discussed in the previous section on Concept NDefinition)

[1¢}

included emphasis of relevant attributes as one of the independent
variables, termed "attribute prompting'". Attribute prompting was
achieved by identifying the relevant (defining) attribute in each

found that of all the treatment conditinnsg

Wl

each non-example. Tt was

pt definition (D), attribute

i

involving various combinations of conc
definition (A), exemplars/non-exemplars (E), and attribute prompting

(P), the most powerful condition was the one which included instances

plus concept and attribute definitions with attribute prompting (DAEP).




Error rates on a transfer task were significantly lower for the
conditions with attribute prompting than fer conditions without
the prompting variable.

Frayer (1970) used attention-directing questions to emplia=
size relevant attributes in a modificd linear [rogramming format,
Her study on the effects of number of instances and emphasis of
relevant attributes on mastery of geomelric concepts revealed an
increase in overall concept mastery for fourth- and sixth=-grade
production of attribute names for sixth-graders increased signifi-
cantly when the relevant attributes were emphasized.

In summary, studies on the effects of emphasizing relevant
attributes show a facilitation of concept learning performance

when attribute prompting is included in printed instructional materials.
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DEVELOPMENT OF INSTRUCTIONAL MATERIALS AND TESTS

To research the effects of instructional variables on

of

H
o

learning from text, it was necessary to develop a series

with a specific concept in the field of environmental education.

Among those considerations which guided selection of the specific

1. The concept should be appropriate in difficulty

for mastery by an average sixth-grade child,
2. The concept should be one whlﬁh has at least two

relevant attributes and at least two irrelevant
attributes.
3. The attributes of the concept must be readily

identifiable, and recognition of the attributes

should not require a high degree of subject matter

knowledge.

s}
[l

inally selected were population,

The three environmental concepts

habitat, and community, each of which seemed to [ulflill the

requirements which had been estaklished. Definitions which
specified the relevant attributes of the concepts were written,

fined, and subsequently were approved by three specialists in

33
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environmental science. A sumnary of concept definitions and attributes

i

LE)]

given in Table 1.

Before generating examples and non-examples far a given concept,
the concept was analyzed into its component attributes: relevant (or
criterial) attributes are the features or characteristics of an in-
stance which are common to all examples of a concept, and irrelevant

attributes are the features or characteristics of an instance which
are not shared in common by all members of rhe concept class. Markle
and Tiemann (1969) alternately described an irrelevant attribute as
"a property of any particular example which can be varied without

changing the example to a non-example.'" Briefly, pcsitive examples

of the three environmental concepts were generated for the present

i

study by providing values for all of the relevant attributes, and

varying the values of irrelevant attributes. Negative examples were

generated by using irrelevant attributes similar to those of positive

examples and excluding each of the relevant attributes, one at a time.

This method of constructing examples and non-examples is illustrated

for the concept population in Table 2.

Table 2
Systematic Generation of HExamples
and Non-Examples for the Concept Population

Examples CPCJSlthE Illhtélﬁf'é;”) Rationale*

1. All of the black bears in Yellowstonc Park
2. All of the banana tress in the Amazon Jungle
3. All of the trout in Lake Michigan

. L
-
-

[ I
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L N

Non=Examples (Negative Instances)
1. All of the stars in the Big Dipper (2,3) Lacks
2. All of the bees and butterflies in a meadow (1,3) Lacks
3 Half of the squirrels in a forest (1,2) Lacks

[

*KEY TO RELEVANT ATTRIBUTES: l=living things *KEY TO IRRELFVANT ATTRIBUTES :
ame kind 3=entire group found in a parti- 4=kingdom of living things
place a) plant b) animal
S=geographical location
a)aquatic b) terrestrial
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INSTANCE PROBABILITY ANALYSIS

Purpose
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Once a pool of examples and non=-examples had

for each of the environmental concepts, there arose the problem
of which instances to include in the lesson materials. One

method of selecting the "best" examples and non-examples would
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have been the subjective approach in which E simply

instances he feels to be poor. According to Tennyson and Merrill
(1971), subjective rating of items has been the usual procedure

in all forms of instructional development, but some alternative

method of item selection would be much preferred, especially some

procedure for empirically rating examples and non-example
The purpose of the Instance Probability Analysis, t efore, was

to provide an empirically based procedure for selecting the

"best" (most appropriate) instances prior to the construction
p p

of lesson materials. In particular, an Instance Probability

\Uﬂ\

Analysis makes it possible for the researcher to choose examples
and non-examples which have roughly the same probability of
being correctly identified. Further, by determining such an

index of obviousness prior to the wri ng of lessons, it is

possible to achieve more control over the extraneous variable

o

of item difficulty.
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Subjects
’_%ﬁ

The Instance Probability Analysis was conducted a Third

[n3

Street Elementary School in the small rural community of Evans-
ville, Wisconsin. A total of 88 5s from four sixth-grade classes
(which comprised the entire sixth-grade population of the school)
participated. Home-~room teachers indicated that none of the

children had mastered the environmental concepts population,

habitat, or community which were to be presented.

ts

Te

[

Two parallel forms (Form A and Form B) of an Instance Proba-

e

sting of 20 Population

bility Test were developed, each form cons

items (10 positive instances and 10 negative instances), 20 habitat

items (10 positive instances and 10 negative instances), and 10 com~
munity items (5 positive instances and 5 negative instances). A

concept definition which specified the relevant attributes of the
concept was printed within a box at the top of each page in the test

booklet 5s were instructed to read each definition carefully, and

[fa]

to identify each of the test items as an example or non-example of

=
o]

2ach test item were the words ''Yes

e
Ly}

o

m

the concept. To the lef

"No"; if S decided that an item was an e:

circled "Yes", and if he decided that an item was not an example of

the concept, he circled "No". A random order of presentation for

examples and non-examples was determined by refa.ring to a table of

random numbers.
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Procedure

Test booklets were stacked for distribution in alternate

fashion (Form A, Form B, Form A,. . .). The proctor introduced
himself, gave instructions concerning test procedure, and pro-

nounced a list of difficult words printed in the test booklets.

Ss were told to read the directions printed on the Sample Page

and to mark th. answers to three sample items, after which the
correct responses were discussed by the proctor and Ss were

directed to begin working. (See instructions to sctudents given

in Appendix A.) Two proctors were used: E proctored two classes,

and a research colleague proctored the other two classes.

®
i

e_ ules

The percentage of Ss correctly identifying each item was

computed in the following manner: for each of the 50 items in

of '"Yes'" responses to a concept example or the percentage of
'""No"" responses to a concept non-example were calculated. A
list of all the test items and their respective probabilities
for the Instance Probability Analysis comprises Appendix B.

It was found that the concept habitat was most frequently cor-

]

rectly identified, with 70.3% of all items marked correctly by

the 88 students. Other percentages were 65.25% of all population

items identified correctly, and only 61.5% of all community

orrectly identified. On the whole, negative instances were

n




as for all thr=e concepts considered together. When percentages

for all positive items were computed (across co cept) it was
discovered that positive items were marked correctly 82% of the

time, but negative items were marked correctly only 49.5% of the

nega—

=y

able 3, the range of probabilities for

m‘

time. As shown in

tive instances was much more extreme than the range of probabilities

for itive instances. It was not uncommon fo

v negative instance

\n

\fm‘
Vi

probabilities to be far below the .50 level of chance responding.

, sitive and Negative Instances
1stance Probability Analysis

o o ) %;;itive £ﬁgiaé;éé7747 Néﬁé;ive Instanaési
Range Range

Fafﬁt Aﬁj o - o 7 - - -
Population .88 to .65 .84 to .37
Habitat .98 to .65 .95 to .12
Community 1.00 ta .71 .65 to 17

Fé%m B 7 B S i T - 47 -
Population .84 to .57 .68 to .28
Habitat .97 te .61 .95 to .11
Community .82 to .66 .51 to 22
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Purpose
Objectives of the Pilot Study were:
1. To determine the level of difficulty of lessons and
tests for sixth-grade children.
2. To determine the suitability of the modified linear
program format which was used for all three lessons.
3. To collect data on item probabilities to be used in test
revision.

4. To determine exact time requirements for lessons and tests.

Subjects
Twenty-eight students from Oregon Middle School in Oregon,
Wisconsin served as subjects in the Pilot Studv. The school is

located in a small, middle-class, rural community in southern

Wisconsin. 1In design, the Oregon Middle School is an open class-
room, in which approximately 550 children are separated into

four "units'" of nearly equal size. Only sixth-grade children
were used in this study; however, Ss were selected from Unit A

in which children range from ages ten to twelve. The 28 Ss

were selected on the basis of convenience of scheduling, and they

[

omprised the population of one sixth-grade social studies class.
According to the science instructor, none of the students had

mastered the concepts population, habitat, or community
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Matzrials

Based on items from the Instance Probability Analysis,

three lessons were developed.

]

LESSON I. 1In this lesson the concept population was pre-

sented. A definition of the con-~ ot was pro=

[]
=
o

vided, as well as a Markle-Tiemann proportio

of instances: 4 examples and 3 non-examples,

LESSON II. The concept habitat was presented. There was
a concept definition and a Markle-Tiemann pro-

portion of instances: 4 examnles and 2 non-

examples, sequenced +,+,+,+,~,-,

All three lessons we-e written in a modified linear programming
format, which required the S to write answers to questions about
the relevant attributes, and provided immediate printed feedback
along the right-hand margin of the page. Feedback was also

wo review

re

provided for three multiple-choice questions and

questions at the end of each lesson, following the presentation
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of concept examples and non-examples. FEach of three multiple-
choice questions required the S to complete a phrase by selecting

the correct relevant attribute, as below:

The review questions were written to encourage students to look
over the instances again. Since T.esson T dealt with the concept

population, the review questions in that lesson were: '"How

many examples of a population did you find in this lesson?"
and "How many groups were not examples of a population?'" The

readability of all lessons was checked by a reading specialist,

and found to be appropriate for sixth graders. The Pilot lessons

=

were very similar to the basic lessons found in Appendix D.
Selection of examples and non-examples for the Pilot Study

lessons was based on item statist tics from the Instance Probability

Analysis. In order to choose examples and non-examples which

bilities, it was nece-

]

were roughly equivalent in terms of prob

M
H
o
H‘
I
i

ssary to employ the following specific selecti
1. The total number of positive instances shall be selected
from nearest the median probability, when all positive
instances are rank ordered.
2. Each negative instance shall be selected Ffrom nearest
the mediso probability, when negative instances are ranked

separately by the relevant atrribute which is excluded.

m
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lection procedure for positive and

A detailed summary of the se
negative instances of the concepts population, habitat, and

for the Pilot Study comprises Appendix C.

Following selection of examples and non-examples for all

s the remaining instances in the pool were

I

SONsE

M‘

three concept le:

m

used in construction of three tests to measure concept acqui-
sition (included in Appendix E).
TEST 1. Part I, Identification: Ss were required to

identify twenty-five instances as examples or

non—-examples of the concept gopulation,

Part ITI, Multiple-~choice: Ss were required to

select the correct definition of population.

identify twenty-five instances as examples or
non-examples of the concept habitat.
Part II, Multiple-choice: Ss were required to

elect the correct definition of habitat.

\[M

TEST 3. Part I, Identificatio S8 were required to iden-

Part I1, Multiple-choice: Ss were required to

select the correct definition of communit:
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In addition to the three tests already described, a fourth test

was constructed to measure knowledge of tio
concepts and knowledge of concept definitions (deti ning attri-
butes).

TEST 4. TPart 1, True-False: 58 were required to answer
five true-false items whiech dealt with interrela-
tionships=.

Part II, Multi, le-choice: Ss were required to
complete four multiple-choi items which dealt
with interrelationships.
Part TIT, Matchinz: Ss were required to match
Procedure
ived the same lesson materials. E explained

All Ss rece

that the purpose of the lessons and tests was
ation, but evaluation of the instructional materials.
of cardboard str:

boocklets (along the right-hand margins) was demonstrated E

pronounced a list of difficult words, and the students were

ERIC

Aruitoxt provided by Eic:



were collected and Lesson 2 was distributed Tha complete
sequence of lessons and tests was Lesson 1 (Populations),

vere calculated for everv test item used
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in the Pilot Study. A summary table of probabilities for Part
I items requiring the S to identify examples and non-examples

comprises Table 4. The ranges of possibilities for positive

xtreme than in the Instance

[ix]
[

and negative examples were less

Probability Anaiysis. Mean probability scores were generally

high but not at ceiling level.

Positive Instances |[Negative Instances

Test Range Mean Range Mean
Populations (Test 1) {1.00 - .93 .96 |1.00 - .43 .76
Habitats (Test 2) 1.00 - .86 .95 11.00 - .75 .89
Communities (Test 3) [1.00 - .89 .94 1} .96 - .75 .88

In Part II of Tests 1, 2, and 3 which required the S to select
correct concept definitions, 93% of the Ss selected the correct

45



46

m
=}

the correct definition for the concept habitat. The depressed

probability for this last concept was apparently due

tr.n

[J_'[w

mbiguou

Results of Test 4 (Final Test) were as frollows:

L

Part I: A mean probability of .86 was obtained

fals

to

phrase, which was modified for the main studies.
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An especially ambiguous item (p=.54) was

o
i
i
w

from the main stu
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A mean probability of .72 was obtained

A11

for multi-

ple-choice items testing coneso :pt interrelation-~

"

Part ITI:0n the matching section, probabilities for the

correct definitions were .79 (Community),

(Population), and .39 (Habitat). Because

unusually low probability for habitat,

ambiguous definition of that concept was

.57

for the main studies, and directions were clari-=

fied by adding "There is only one correct

Written comments provided by the students generally indieated

approval of the modified linear programuing format,

enj

of the lessons, and satisfactory level of difficulty.

roughly 25% of the 5s suggested that the materials we

are

oyment

Though



simle for stxth graders, all lesson and tost mterly  (ulth

slight odifications) wei: judged to be suitable for use at the

sith-grade level dn the three maln studes,
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the immediate acquisition and retention of concepts in
ntal education at the elementary grade level, three main

Each of the main studies was directed to-
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concept definition?

positive and

s

presenting a Markle-Tiemann number of
concept and emphasizing the relevant (criterial) at-

tributes?
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The first main study investigated the effects of number and
type of concept instances on the acquisition of enviroamental can-

cepts in the absence of a definition,

Subjects

The Ss for Main Study I were students at the same elementary

school in which the Pilot Study was conducted. The initial sample

]

consisted of 111 Ss from two "units" of sixth graders at Oregon
School in Oregon, Wisconsin, but due to absences at the time
of retention testing the sample size used in data analysis was

97. Ss in this study plus those who were involved in the Pilot Study

lul'l
s

onstituted the entire sixth-grade population of one unit (Unit R)

\r_:[\

and half of a second unit (Unit A) at Oregon Middle School. Chil-

g of convenience of class

H .

dren from Unit A were selected on the basi
scheduling, and included those students who were in the same social

studies section. All those students in this unit who had been ex-
posed to the Pilot materials were later excluded from the main study
5s in the Pilot group were not told that identical materials would

later he presented to {ellow sixth graders, and there was a three-

Pilot and Main 5tudy I, so that contami-
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nation of the Main Study sample was judged to be negligible. Accord-

ing to the teachers, students had not been formally exposed to any

of the three environmental concepts population, habitat, or commu-—
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For the purposes of this experiment all lesson materials used
in the Pilot Study (with modifications described in Chapter 3) were

changed in the following wavs:

1. No definition of the concept was provided.
2. No emphasis of relevant attributes was provided (the modi-

fied linear programming format was not used).

shown in Table 5. 1In addition, three placebo lessons were developed:
Lesson I, Conservation: Lesson 11, Transportation; and Lesson ITT
Invention. The placebo lessons were condensed versions of ticles

in The World Book Encyclopedia (1969 edition).

=3
|
w

Test 1 (Populations), Test 2 (Habitats), Test 3 (Communities),

and Test 4 (Final Test) were the same tests which were administered
in the Pilot Study (with modifications as noted 1in Chapter 3) The
long-term Retention Test was composed of Tests 1-4 combined into a
single booklet.

Procedure

55 were randomly assigned within reading level to one of four

experimental conditions. All lessons were pr -packaged, with the

RIC

Aruitoxt provided by Eic:



Concept Version Content
Population Form 5-101 4 + instances* and
31 - instances*
Form 5-102 4 4 instances*®
Form S5-=103 2 + instances
Habitat Form 5-201 4 + instances* and
3 - instances*
Form 5=202 4 + instances*
Form 5=203 2 + instances
Community Form 5=301 4 + instances#* and
3 - instances%*
Torm $5-302 4 + instancesg®
Form 5~303 2 + instances
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The proctor distributed lesson poacket s and save instructions

Lest:

Z.ﬂ\

concerning procedure to he followed in completing lessons and
pronounced, questions of a general
ére told to begin work. When

nature were answered, and students w

inished reading a lesson he raised his hand, and the proc-

W

tor collected his lesson and handed him a test. After S5 had com-

pleted tests 1-3 the proctor collected all thr tests and S worked
quietly on an assignment until all students were finished, at which

time the final tests were distributed.

Students were seated in three clust:(rs to keep group size
and two research

manageable. Five proctors were used altogether: E

iliar with the study were in charge of the clusters,

colleagues fa
and two Center employees assisted with the proctoring. TNirections
to the students were essentially the same as directions for the

Pilot Study (Appendix A).

The experimental design for Main Study I was a 3 x 4 randomized
block design with three levels of reading achievement (high, medium,
and low) and four treatment groups, as diagramed in Table 7. This
design was employed for all three main studies.

revious reading achievement was bhased on STEP scores (Sequen-—

o vl

, Series II). By blocking on pre-

3 P 1=

)

nal Prugres

}-A.

tial Tests of Educati

\w

vious level of reading achievement, an equal number of Ss was ran-

domly assigned to each of the four treatment conditions. A summary
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of the treatment conditions for Main Studv [ i=a provirded in Tahle
8, and the number of subjects in each ecell is given in Table 9.
Independent variables in this experiment were number of concept

instances presented and tvpe of concept instances presented (in tloe

absence of a concept definition).

Table 7

for Main Studies 1, I1, and TII

Previous 7 - Treatment Group
Reading
Wchievement Condition 1 | Condition 2{ Condition 3| Condition 4
Level (Placebo)
I — ——— ————— >
Medium <ii — — — = - — - ::}
Low — —_— . = e =

(Note - Arrows refer to randon assignment)

ERIC
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Table 8
Summary of Treatment Conditions

for Main Studv 1

;C@ndi 1 Markle- Markle-= no

Independent Variable

Treatment Number of Instances | Definition | Fmphasis

Positive | Negative

pos
)

Tiemann* | Tiemann |

Cond. 2 Markle- none : no no
Tiemann

no

L]
i
3
[ah
L]
(%]
fom
[
e
g
'
(=

* According to the Markle-Tiemann paradigm, the specific
number of positive and negative instances depends upon
the number of relevant and irrelevant attributes which
a concept possesses.
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Table 9
Number of Subjects Bv (ell

for Main Studv T

Treatment Condition

o
[
ﬂ\
Lo
i
[}
W‘

us MT**posi- !
g tives MT posi- 2 posi- Total
vement| MT nega- tives tives -

* tives

= T
W
W
7
o
o
L
[ ‘:1>
[ [p] )
]
B O
e

iy

o]

~
m ]
!

Q

o

High 8 7 8 7 30

Medium 8 9 9 9 35

[
o
£
oo
o]
e’
~
L
P

Totals
Across
Reading
Level 24 24 26 23 9

el

* Based on STEP (Sequential Tests of Educational Progress,
Series II) scores

** Refers to the rational set of instances as recommended by
Markle and Tiemann




Hypothese

The follnwing specific hypotheses were made for Main Studv
T (refer to Table & for a summary of treatment conditions):
la. On the dependent variable '"recognition of new concept
instances'", Condition 1 will result in significantly
hetter performance than Condition 2, which will be
significantly better than Condition 3, which will be
significantly better than Condition 4 (Control).
b. On the dependent variable "overgeneralization', Con-
dition 1 will result in significantly less overgen-
eralization than Condition 2.

II. On the dependent variable "knowledge of concept de-

nition', Condition 1 will - :sult in significantly

fi

w—c

performancze than Condition 2, which will be

o
o

=t

g
a1}

e

antly better than Condition 3, which will be

iy
=
]
pu |
|
=4y
H\
\!"J

b

tter than Condition 4 (Control).

‘uﬂ.
H“m
m
wm
\r"lr
=
\|"|:|\
k]

ign y be

On the dependent variable 'knowledge of interrelation-

=
=
=

ships among concepts', Condition 1 will result in sig-
nificantly better performance than Condition 2, which
will be significantly better than Condition 3, which

will be significantly better than Condition 4 (Control).

ol

U
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MAIN STUDY 11

Main Study I in de-

L

The second main study was identical t
sign and methodology except for the inclusion of concept defini-
tions. The purpose of this study was to investigate the effects
of number and type of concept instances on the acquisition of en-

vironmental concepts in the presence cf a definition.

Subjects

Main Study II was conducted in four different schools with-
in a medium=-size Midwestern joint school district. The schools
were generally small and located in predominantly rural communities.
At the beginning of the study there were 103 sixi h-grade S$s, but

due to one absence at the time of retention test.ng, the final

(s

number of Ss was 102. Teachers at all four =chools indicated that

population, habitat, or community prior to the experiment.

Materials
Lessons
For the purposes of this experiment all lessons were iden-

hat concept defini-

t
rt

tical to the lessons in Main Study I, excep

tions for population, habitat, and community were inserted. No

emphasis of relevant attributes was provided (the modified linear

programming format was not used). Lesson content for the treat-




ment groups in Main Study TT is described in Tahle 10. Placeho

lessons were identical to those on Conservation, Transportation,

and Invention which were used I ¢ previous study.

=
1
o

Test 1 (Populations), Test 2 (Habitats), Test 3 (Communities),

and Test 4 (Final Test) were the same tests which were administered

e

n Main Study I. The long-term Retention Test was composed of

Tests 1-4 combined into a single booklet.

The procedure for this study was identical to the procedure
outlined for Main Study I. Consult Table 6 for the schedule of
lessons and tests.

was present in each of the Ffour classrooms to conduct the

=

experiment, along with one other researcher.

NDesign

The experimental design for Main Study II was a 3 x 4 ran-
domized block design with three levels of reading achievement (high,

medium, and low) and four treatment groups.

e

Previous reading achievement was based on scores on the Reading

]

section (Test R) of the Towa Tests of Basic Skills which was admin-

istered in October 1971. By blocking on previous level of reading




Table 10
Content of lessons

for Main Study 11

Concept Version Content
Population Form 5-101 4 + instances* and
3 - instances* plus
concept definition
Form 5-102 4 + Instances* plus
concept definition
Form 5-103 2 + instances plus
concept definition
labitat Form 5-201 4 + instances* and
2 - instances* plus
concept definition
Form $=202 4 + instances* plus
concept definition
Form S-203 2 + instances plus
concept definition
! Community Form 5-301 4 + instances* and
5 3 - instances* plus
| concept definition
Form 5-302 4 + instances* plus
concept definition
Form 5-303 2 + instances plus
concept definition
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Tahle 172
Numher ot Subjects by Cell

fFor Main Study 1T

) B Treatment Topdition
MT#%posi- |
Previous tives MT posi- 2 posi- Control
Reading MT nega- tives | tives Across
Achievenent{ tives plus econ- | plus con- nlaceho

l.evel® plus con- |cept defi- cept deli-| lessons

Totals

iyl

Condition

cept defi-| nition
nition

|
High 10 10 : 10 10 40
Med Lum 10 10 ! 10 8 38
Low 10 8 * 10 K 36

ﬁﬂtalﬁ
ACTOSS 30 28 10 26 114

Reading

Level l

% Based on readinp scoares (Test R) of the Town Tests of Basic Skills

#*% Pefers to the rational set ol Instances

Marlkle and Tiemann

,
o

recommended by

ERIC
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Hypotheses

The following specific hvpotlicses were made for Main Study 11

=

(refer to Table 11 for a summarv o reatment conditions):

la. On the dependent variable "recognition of new concept
instances"”, Conditions 1, 2, and 3 will not be signifi=
cantly differcent from cach other, bur they will result
in significantly better perfromance than Condition 4
(Control).

b. On the dependent variable "overgeneralization', Condi-
tion T will not be sisnificantly different from Condi-
tion 2.

1T. On the dependent variable "knowledge of concept defini-

tion", Cowditions 1, 2, and 3 will not he significantly
different from each other, but they will result in sig-

nificantly hetter performance than Condition 4 (Control).

il
[
!

On the dependent variable "knowledge of interrelation-
ships among concepts', Conditions 1, 2, and 3 will not he
significantly different from each other, hut they will
result in significantly betrer performance than Condition

4 (Control).
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The purpose of the third main study was to investigate the
effects of definition and emphasis of relevant (defining) attri-

of environmental concepts.

T
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rt
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e
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o

Subjects for Main Study TI[ were 117 sixth-grade students
from four different schools located in the samo jeint school
Study T} was conducted, The final number

district in which Main

of subjects used in analvsis was 114, due ta absences at the
time of retention testing. Ss for studies TI and ITT comprised
the entire sixth—grade populaticn of seven ele ementary schools in

the joint district. Since the student population of one school

LI and TTT, the children were ran-

E\
i
Iy
fron
-’
<
(o]
=
<
]
ra
[
o
ey
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rr
o
oy
r
vt
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m
i
e

domly divided into twoe equal groups, so that one half of the
sixth-grade population participated in study TT and the other half
participated in study ITI. The 58 were unfamiliar with the con=
cepts in the experimental lessons, and according to the teachers

there had been no formal instruction on the concents population,

habitat, or community.

The threec concept lessons far this experiment were variations

2ssons which were used in the Pilot Study (with

o]
=t
r
-
m
il
5
I
| ]
IMm
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modifications as described in Chapter 3). A collection of the en-
virnomental lessons ineluding concept definitions and emphasis
of relevant (defining) attributes in a modifi ed linear programming

format comprises Appendix D. Concept definitions for populatien,

habitat, and community were given, and emphasis of relevant attri-

bute

was provided in a modified litcar programming format with

E.I"\

immediate feedback. Tesson content for the treatment groups in

Main Study LTI is shown in Tahle 13. Placebo lessons were the

Conservation, ‘lransportation, and Invention lessons which were

used in the previous two main studies.

Test 1 (Populations), Test 2 (Habitats), Test 3 (Communities),

and Test 4 (Final Test) were the same tests which were administered

]
~

in Main Studies T and T1. The long~term Retention Test was com=

posed of Tests 1-4 combined into a single hooklet.

Procedure

The procedure for this study was the same as the procedure

[
~

which was outlined for Main Study TI. It was necessary f

\u
r
@
-
L
o]
]

H—-‘

tor to briefly explain the use of cardboard strips to conceal feed-

-

back in the margins the programmed booklets. Consult Table 6 for

the schedule of lessons and tests for Main Study TI1T.

Two proctors (E and another rusearcher familiar with the

study) were pr =sent in each of the four classrooms.
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Lessons

Concept Version Content

Population

Form 5--103
Habitat Form 5-=-201 4 + instances® and
2 - instances¥%

Form 5-202 4 + instances* z. |
2 = instances* with
concept definition

Form 5-203 4 + instances® and
2 - instances* with
concept definition
and emphasis of re-
levant "artributes®=

I
)

¥

I
I
ol
]
™

Form

Form 5-3073

g

umber of instances whicl

linear programming

format.

1 s racﬁﬁmendéﬂrEy
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The experimental design for Main Study III was a 3 x 4 ran-
domized block design with three levels of reading achievement (high,
medium, and low) and four treatment groups.

Previous reading achievement was bases on scores from the Iowa
Tests of Basic Skills (Test R: Reading), administered in October
1971. Blocking ou previous reading achievement resulted in a ran-
dom assignment of an equal number of Ss to each of the four treat-
ment conditions. A summary of the treatment conditions for Main

I is given in Table 14, and the number of subjects in each

]

Study I

ell is given in Table 15. The only independent variables nanipu-

g

lated in this study were concept definition and emphasis of rele-
vant attributes, so the number of positive and negative instances
remained constant across treatments.

Table 14

Summary of Treatment Conditions
for Main Study III

Independent Variable

Number of Instances Definition Emphasis

“Positive | Negative

Cond. 1 Markle- Markle- o )
. s no i
Tiemann* Tiemann

Cond. 2  Markle- Markle- o ]
s _ o yes no
Tiemann Tiemann :

Cond. 3 Markle= Markle- o es
Tiemann Tiemann yes

Cond. 4 Placebo lessons

* According to the Markle-Tiemann paradigm, the specific
number of positive and negative instances depends upon
the number of relevant and irrelevant attributes which a
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Table 15

e

Number of Subjects By Cell

for Main Study TI1T

n Treatment Condition

MT posi- MT posi-
Previous MT**posi- tives tives Control
Reading tives MT noega- MT nega-
Achievement | MT nega- tives tives

Level#* tives plus con- {plus defi- place
cept defi-|nition lesszons
nition and em-
phasis

8 9 9

T
=

ﬂ'q\
2,
oo

[a4]

Medium 9 9 9

o
W

l.ow ‘ 7 9

]
n

hoadt
U

- I S

i
0]
Ind
]
!

*% Refers to the rational s
Markle and Tiemann

f

instances as recommended
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Hypotheses

The following specific hypotheses were made for Main Study

L

11T (refer to Tahle 14 for a summary of treatment conditions):

"recognition of new concept

L. On the dependent variable

instances”, Cendition 3 will result in significantly better
performance than Condition 2, which will he significantly
better than Condition 1, which will he significantly better

than Condition 4 (Control).

On the dependent variable "knowledge of concept defini-

i

|
=

tion", Condition 3 will result in significantly better

significantly

Ihm‘
(471
L
=,
]
2
a\
]
=
[p]
1M
-
)
=
b
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s
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™
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b
fn
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2‘
o
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g
-
N
e
[
e
-p
i
%

better than Condition 4 CCaﬁtral),

ITTI. On the dependent variable "knowledge of interrelation-
ships among concepts", Condition 3 will result in sig-
nificantly better performance than Condition 2, which
will be significantly better than Condition 1, which will

be significantly better than Condition 4 (Control).
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Scores on each of the four immediate acquisition tests (Test 1,
Test 2, Test 3, Test 4) and the relention test were obtained for each
- Analysis of the data was porformed using the {ollowing dependent

variables: recognition of ncv concept fo=tances (examples and non-

examples), overgeneralization, undergeneralization, knowledge of con-
cept definition, and knowledye of interrelationships among concepts.
Since recognition of new instainces was tested Lo Part | of Tests 1, 2,

and 3, the raw scores on ecach test were converted to Z-scores and the

dependent measure used in analysis was the sum of Z-scores across all

also sums of Z-scores across Tests 1, 2, and 3. Knowledge of concept
definition was determinc. from one muitiple-choice item on Test 1, one

multiple-choice item on Test 2, one multiple-choice item on Test 3,

and a three-part matching question on Test 4. For this reason, the
dependent measure for knowledge »f ‘concept definition was determined
in the following manner: (a) raw scores for the Test | item, the Test

uﬂw
e
[
-
]
b
iT:
Lt
1M

2 item, and the Tes

(b) raw scores for the three items in Test 4 wore summed and converted

I"I.“

to a Z-score; (c) the dependent measurce used in analysis was a sum of
the two Z-scores. Knowledge of interrvelativaships among concepts was

items and 4 multiple=clhivice itmes contained

[
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rr
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it
£,
[t
~r
j=n
(¥
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‘f"“"‘u
P"‘
His
=
L=

u.«
s

in Test 4. Since all items were contained in a single test and there

/0

summed and then conve ted to a Z-score;
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was no need to combine scores acruss tests, the dependent measure for
knowledge of interrelationships was left as a raw score total For
reference, raw score data (means and standard L. ng by test) {or
all dependent variables in the threc¢ main stucg i« ' wvrovided in
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.016. The Tukey procedure for pairwise comparisons of mean scores
was used for the overgeneralization and undergeneralization variables
(employing a simultaneous error rate of .05). As cell sizes were un-
equal, an approximate critical value based on the harmonic mean was
used

For organizational purposes, the results of each main study to
be reported in this chapter will be presented by dependent variable.
Q
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MAIN STy

T cenovral Ehe o0 b v 0 rat st o Yedal i achievement
sivnificant for coory Lo oagent bbb o Tumed iate acaquisition

(- 030) as well me v oone Do T e The e e ey e

ratification % trestmert ot oot o in lrin =tady T 1o either
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immediate acquisition or retont o (p L6710 Means for each of the
dopendant variables o Maio tads f gy vtven by freatment condirion

and stratification Tevel In fmmodi- ts acauisition and retention

Psychometric Characteriztics of the Tests

On Main Study 1 immediate aequicition, the Hoyt reliability

estimate for the 60 items (T.«t= 1= (esting recogni of new

w.

concept instances was qui o hioh (L81) ., Reliabilities for the 6

sting knowledye of Jdefinition and the 9 item:
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ledge of dinterrelat ionships wore much Taver (L20 and 46

Recognition nf Now Tnatonecan

According to Markle and 1. wann as well as

tive and negative instances are ifmportant in teaching concepts he-

cause positive instances promote gencralization te new examples and

rimination of new non-examples. Anv
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negative instances promote di:

i

cribed rational set of instances, such a
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exclusinn of negative instances (rom lesson materials, or reduction
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nstances, would be expected to gignifi-
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of the number of positiv
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cantlv depreoss nerformane . In Main stady 1 othe Pirst breatoont con=

dition received g Tull et of borh poaitive and newat ive instances,

the sccond condition received the presceribed number of positive

instances without neeat ive instances, tlho third comlition rocodived

only 2 positive instances (or halt the o rosceribed aumbor) withouo:

negative instances, and the fou.th coadition was the control aroup
which received "placebo’ lessons. 1t wias hyporhesized that on this
dependent variable (recognition o e concept instances) Condition

would result in usignificantlv b ter performance than Condition I,

which would be = nificantly better than Condition 3. which in turn

would be signit .antly better than Condition 4 {(Control),

E

Based an a selacted overall .« of .05 (each of the three direc

contrasts with annof J0L6), it was found that on

r
=
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immediate acquisition Tendi*ion 1 with rhe Markle=Tiemann setl of

positive and negative instances resulted in significantly better re-
cognitlion than Conditien I without nupative instances (t=2.06, p”.005),
and the Condition 3 with only two positive instances resulted in

significantly be:ter recognition than tondition 4, Contrel (t=2.6m,

'.W‘

p<.005). The difference in recognition between Condition 2 (full

number of positive instances, no negatives) and Condition 3 (only

2 positive iustances, no negatives) was significant at the .05 level

on immediate acquisition but not in the predisted directieon, indi-

1
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overgeneralizationm

than Comditine 1. ornd bt Do D owith the rall o
of positive and negative instanc wits clearly ouperior to al
other conditions (1 dirfercent from 2 by 2.%50 1 difforent from 3 by
1.79: 1 different from 4 bo 1,730, There were no other pairwi
contrasts significontly difTerent o0 s =,05% on inmediate acqui-
sition. On retentlon, Conlition | was still sienificantly different
from Conditicn 2 (by 2.02), indicai = that removal of negative in-
stances caused stable overvencralizat ion but none af thn ot
pairwise comparisons was sipnificant
Underg: neralization
No specific hypothesis wa: made ror the dependent variable of
undergeneralization hecause this classification error is said to
occur only whenm a full number of negative instance= is presented
with an incomplete set of positive instances. Tukey comparison-
were made using a simultaneous error rate of .05 for the six p ir-
wise contrasts (critical values = 1.45 for immediate acquisition,
and 1.67 for retention) Condition 7 with only two positive in-
stances (no negatives) was found to result fﬂ‘%lEﬁLfiCSHE]Y less
undergeneralization than either Condition 1 (by ..49) or Condition 4,
Control (by 2.1%4) on immediate ..-quisition. On the retention test
none of the six pairwise comparison was significant.
Knowledge of finirion
As one of the componments of formal concept attainm.
o expected that: knowledge of the conc
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mt, it was
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ion (defining
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attri-
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Socsigndbivant Jir o ereace s wers obtained oo bmnediate acquisi-

tion or retention when Toley conoarisons were made (neing a simulra-

NeoUsE arror rata ol L9050,

MAIN STUPY 1

In the second main studv tie offect of stratifyineg o reading

achievement w. = hiphly sicnii.cant ot the 0001 level for evervy

dependent viviable on immediate quisivion, except for knowledyo
P | s I ;

of interr. latrionsbh’=s which was sisnificant ar the .0 avel.
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There were two sipnl.ccane stratilication X treatment in
on immediate scquisition fo. recognition of gew [nstances (‘};i_ 64 )
and undergeneralization (pv.048). oOn rhe rotention measure strati-
fication on reading achicvement was highly significant for recog-
nition of new instances, overgeneralization, and undergeneralization
(p=.0001), while knowledge of definition was gignificant at the
0005 level., The affect of stratifvine on reading achievemor:® wase

not significant on the retention test for knowledee of interrela-

I

i

tionships (p.239), and on this depondent variable there was alsao

-
a

nificant interaction (EfEUED) of stratification with treat-
ments. One othar stratification X treatment interaction was sig=

icant on retentior for recognition of new instance. (p©.058).
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On Main Study it immediate acquisition, the Hovt reliability
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definition was somewhatl

lower (.573,, while items testiog Enowlolpe of interrelationships

true={:alse questions and 9 multipl-cimice quentions contained
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tound to be quite unreliable (L18).
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Because of the amount oF afarmarion contained in a concept

definition, it was vipected that when a definition was provided there
b I

would be no significant differences among -onditions due to the num-

A
[

woinstances presented. A1l four treat-
ment conditions in this study vere identical to the conditions in

Main Study T except for t.e inclus=i»n of a definition (statement of
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An alternate analy: is o the data was pertformed using the Tukey

procedure with a simultanecns erroy rate of 0% Tor six pairwise con-

trasts (criticul vailies 80 for damediate acqnisition, and .98 for
retention). in immediale acquisition Lt was {found chat Condition

1 was significantly worse than Condition 2 (difference of -1.21),

and that Conditions 2 and 3 were gignificartly better than Control
(differences of 1.37 and .82 respectively). None of the six pair-
Wwise comparisons was signiticant oo reten on.

Knowledge of Interrelationships

sultin

m

(Control). On immediate acquisit on no significant differences were

rt

found to exist among Cenditions 1, 2, and 3 (F, ;4,=1.20, p =.10),
but neither were rthese cihiree conditions significantly different

from the control grou,, Condition 4 (r=-1.13, p».10). On the re-
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2 and Condition 1 (exemplars/non-exemplars onlyv) were faund to he
significant, but not in the predicted dircetion. Ss in Condition 2

who received instances plus definition actually performed worse than

55 in Condition 1 who received instances only (t=-3,40, p .l

immediate acquisition: t==2.17, P <-025 on retention). On both im-
mediate acquisition and retention, Condition 1 resulted in signifi-
cantly better recognition performance than Control (£=4.95, p < -0005
on immediate acquisition: t=3.42, p ~.0005 on retention).

An alternate analysis of the data using the Tukew procedure
with a simultancous error rate of .05 (critical values = 1.38 for
immediate acquisition, and 1.47 for retention) revealed that on

immediate acquisition Conditions 1, 2, and 3 were each found to be

significantly better than Ccntrol (differences of 3.21, 1.39, and
2.45 respectively). It was also found that Condition 1 (with exem=-

plars/non-exemplszrs only) resulted in significantlv better recop—
nition of new instances than ‘ondition 2 (with exemplars/non-exem-

plars plus definition). On retention the only contrasts still si~-
nificant were between Condition 1 and Control, and between Condition

3 and Control.

Overgeneraliztion

[

No specific hypothesis concerning overgeneralization was made

for the third main study because all treatment conditions except con-

. trol included the full rational set of positive and negative instances,

which according to Markl and Tiemann does not result in over, 2neral-

ization errors. Using the Tukey procedure with a simultaneous error
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rate of .05 for the six pairwise contrasts (critical value = 1,53
j 5 =
for immediate acquisition, and 1.59 for retention) it was found

that on immediate acquisition Condition 2 (exemplars/non- —exemplars
plus definition) resulted in signific cantly more overgeneraliztion
than either Condition 3 (difference of 1.98) or Conditioen 1 (dif-
ference of 3.18). Additionally, Condition 1 was found co resuit in
significantly less avergEﬁ ralization than Control (difference of
.57) on immediate acquisition. On the retention test given Ffour-
teen days after immediate acquisition, all of the relationships
described for immediate acquigitian were still significant, and
Condition 3 was also found to result in significaﬁtly less over-

generalization than Control (difference of 1.61).

Undergeneralization

As with overgeneralization, no specific hypothesis for this

E\

dependent variable was made Tukey pairwise comparisons were per-
formed using a simultaneous error rate of .05 for the six contrasts

es = 1.30 for immediate acquisition, and 1.61 for re—

‘f-
[n]

(critical wval:
tention). On immediate acquisition, Conditions 1, 2, and 3 were
each found to result in significantly less undergeneralization
E@an Gcnditign 4, Control (Condition 1 different by 1.66; Con-

nd:

P
lj

td

\H"

3 different by 2.13). On

[
o
M
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m
g
\m\
W
=
rt
o
b
%]
]
'—-l
ﬂ

retention, Condition 2 was found to result in less under generalization
than Condition 4 (difference of 1. 70), and Condition 2 resulted in
less undergeneralization than Condition 1 (difference of 1.53). None
of the other pairwise differences was significant.
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Knowledge of definition

It was hypothesized that Condition 3 would result in signi-
ficantly better
which would be significantly better than Condition 1, which in turn
would be significantly better than Condition 4 (Control). Only one

f these three directional pairwise contrasts was found to be sig-

[

nificant on immediate acquisition at the selected glpha (@) of .016:
Condition 1 was significantly better than Control (t=2,58, P <.001).
On retention the same relationship was significant at the .10 level
(t=1.49). Ss iﬁrcﬂﬁditiﬁﬂ 2 (which included a definition of the
concept) surprisingly performed worse on recognition of concept de-
finition than Ss in Condition 1 (with only exemplars/non-exemplars).
For this reason the means for Conditions 1 and 2 were not in the
predicted directio n (t=-.41, p >.10 for immediate acquisition; t=
-.08, £ ».10 for retention).

An alternate analysis of the data was performed using Tukey
comparisons (with a simultaneous error rate of .05 for six pair-
wise contrasts; critical values = .96 for immediate acquisition, and
1.03 for retention). On irmmediate acquisition, Conditions 1, 2, and
3 each resulted in better facaénitian of the concept definition than
Control (difrerences of 1.01, .98, and 1.47 respectively). On re-

tention none of the six pairwise contrasts was significant.

Knowledge of Interrelationships

|C'L.
i
fuy

On knowledge of interrelationships it was hypothesi



Condition 3 would be signifizantly better than Condition 2, which
would be significantly better than Cordition 1, which would be
significantly better than Control, Condition 4. Nome of the three
directional peirwise contrasts was significant on imediate acqui-
sitian or retention (p »,10),

No significant differences were obtained on immediate acqui-

sition or retention when Tukey comparisons were made (using a simul-

taneous error rate of .05),
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CONCLUSIONS AND DISCUSSION

CONCLUSTONS

Three main studles were carried out to determine the effects
of .certain instructional variables (number of positive and nega-
tive teaching instances, presentation of a cone ept definition which
specified the relevant attrlbutes and emphasis of the relevant or
defining attributes) on the attainment of three environmental con-
cepts at the formal level. | |

The findings of the three main studies were in general:

Main Study I

Presenting the number of teaching examples and non-examples
recommended by Markle and Tiemann was found to result in signi-

ficantly better recognition of new instances than presentations

_p"

which did not include non-examples. Removal of negative insta
from the lessons caused significantly greater overgencrallzation

(exactly as demonstrated by Tennysen, 1971).

Main Study II
When a definition which specified the defining attributes of

did not

o]

the concept was presented, the number of teaching instances

significantly aifect performance (as found by Frayer, 1970). At
89
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M

gons containiag

[

the time of retention testing, Ss who had read le
a Markle=Tiemann number of exemplars/non-exemplars as well as de-
finition made significantly more errors of undergeneralization

thin' S6 who had read lessons which were alike except for the re-

Main Study III

Subjects who received a rational set of exemplars/non-exem-—
plars plus definition performed less well than subjects who re-
ceived only exemplars/non-exemplars or subjects who received
exemplars/non-exemplars plus definition and emphasis of relevant
attributes. 1In general, presenting a concept definition did not
facilitate performance, and éfavidiﬁg emphasis of relevant at-

tributes was effective only as contrasted with a conditon which

ncluded the Markle-Tiemann set of exemplars/non-exemplars plus
concept definition.

NDISCUSSION

Main Study T
The purpose of the first main study was to determine the effects
of number of positive and negative instances on the acquisiton of
formal-level environmental concepts in the absence of a definition
which sFa;ified the rélevant or defining attributes of the concept.

One of the dependent variables of interest was recognition of
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new instances, as measured by the Ss's ability to identifyv unen-

countered instances of the concept as examples or non- -examples,

Treatment Condition 1 ineluded a ratlanal set of both positive and

negative instances as recommended by Markle and Tiemann (1969):

there were four positive instances to cover the range of irrele-

D

vant attributes, and three negative instances (similar to exem-
plars in irrelevant attributes) to exclude each of the three re-
levant attributes of the concept to be taught. Condition 2 was i=
dentical to Condition 1 except for the removal of Fhe three nega-
tive instances, and Condition 3 included only twe positive instances
without negative instances, while Condition 4 was Control. Accord-
ing to Markle and Tiemann as well as Merrill (1971), both axémples
and non-examples are important in concept attainment, so0 Condition
1 was hypothesized .to constitute the best condition. With the
exception of the dependent variables undergeneralization and know—
ledge of interrelationships, Condition 1 means dcross the three

reading levels were consistently better than the means for the

other three conditions. Of great importance was the finding that

ﬂ_n

on immediate acquisition as well as retention the presentation of

a full s

m

't of positive and negative instances resulted in sig-
nificantly better recognition of new instances than a presentation
in which the negative instances had been removed, just as Markle

and Tiemann (1969) and Merrill (1971) hypcthesized and Tennyson

(1971) empirically Jdemonstrated. It was found that when nega-
tive instances were not included in the teaching sequence, the
different number of positive instances ( four in Condition 2, and
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in Condition 3) did not sig nificantly affeect recognition of new

Tk

a

ples and non-examples. While Condition 1 with the full set

\TTJ

of instances and non-instances differed significantly from Control

on both immediate acquisition and retention, the other two treatment
«ditions lacking negative instances gpenerally resulted in per=
formance not significantly different from Control. For this rea-

nstances above rtwo

i

son it would appear that additional positive
related to the present concepts is nort important when a complement
of negative instances is not also ineluded.

An interesting trend in the data obtained for re ecogn

r-r
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i
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and retention was the
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new instances on both immediate acqui
ordering of Condition 3 (with only two positive instances and no

negatives) better than Condition 2 (with the full Markle-Tiemann

tives and no negatives). Since the full rational set

H*

number of pos
consisted of four positive instances, it was hypothesized that Con-
dition 2 wich the full Markle-Tiemann number of positives would
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however, were not in the predicted direction. Although the dif-

zant only on immediate ac-
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P
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ference in means was statisticallw

quisition (p =.05), the poor performance of Condition 2 85 secms to
demonstrate that unless positive instances are complemented with

(as recommended by Markle and Tiemann), an in-

m

negative instan
crease in the number of instances only increases the informational

load without strengthening discriminaticn, resulting in confusion
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on the part of the student. This is also suggested by the fact
that 5s who received the Markle-Tiemann set of positive instances

without negatives actuallv overgeneralized more than any other treat-

ment group, including Control.
Another important aspect of the data analysis was the pattern
ation errors which emerged. Markle and Tiemann postu-~

of eclassifi

\ﬂl
ﬂ\

late that failure to provide an adequate set of negative instances
will result in errors of overgeneralization, in which S does wnot
properly discriminate many of the unencountered nori—examples from
examples In the present study it was praciesly this error of
overgeneralization which occurred when negative example% were re-
moved: Condition 2Z, which was identical to Condition 1 except for
the removal of negative instances, reguitgd in significantly more
overgeneralization (p <.05) on immediate acquisition as well as
retention (administered 16 days later). Additionally, undergeneral-
ization was not found to be si ignificantly different between Condi-
tions 1 and 2, which indicates that removal of the negative instances -
led specifically to overgeneralization and not random responding

in general. The .inding in the present study that removal of nega-

tive instances resulted in significantly poorer recogniti of new

oy
m

instances and significantly more overgeneralization errors is in

agreement with the findings of Tennyson (1971). Evidently non-
examples facilitate concept learning performance by causing stu-

dents to focus on the relevant attributes of the concept, asAIenny-

son suggested.



On immediate acquisitien, it was discovered that presenting

the full set of positive and negative instances (Condition 1) re=-

sulted in significantly more undereseneralization than presenting

cances (Condition 2) and that the eontrol
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group (Condition 4) also rvesultad in more errors of undergenerali-
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No signiticant pairwise differences worae
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Zation than Cond

ntion testing, however, The fact that
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detected at the time of

undergeneralization was higher for Condition 1 (with the Markle-

lve instances) than for anv

Tiemann number of positive and nega
other condition except Control is not reallv unreasonable, in viecw

of what Merrill and Tennyson have written, Thev postulate that

the more information presented, the more conservative the responses:
false

58 are motre willing to reject a trus instance than accept a

one {(or more inclined to undergeneralize slightly than to overgener-

alize). The results of this 5tgdy provide substantial empirical sip-—-

port for the findings of Tennyson (1971) concerning the value of |
negative instances as well as for the theoretical formulations of

Markle and Tiemann concerning

in teaching concepts effectively.

und for

m
u

In the first main study no significant effects were fo

treatment conditions on either of the two remaining dependent mea-

sure knowledge of concept definition or knowledge of interrela-
tionships. This lack of significance may have been partly due to

to the fairly
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the difficul
large number of relevant and irrelevant attributes associated with

each of the three environmental conce pts (population, habitat, and
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and community). The low reliability of the test items
knowledge of definition and .46 for knowledge >f interrelationships)
was probably a critical factor which LﬂfluEﬁaed results on the de-
pendent measures dealing with definition and relationships among

concepts,

Main Study IT

‘The second main study was essentially a replication of Main
Study I with ths addition of a concept definition (which speci-
fied the defining attributes) to treatment condit ions 1, 2, and 3.
The purpose of the study was largely to find out whether the mini-

mum number of teaching examples and non-examples presented might
be reduced when a concept definition is provided. Intuitively,

the additional information which a definition supplies concerning
relevant éﬁtfibutgs of the concept should eéncourage the student

to focus upon the relevant attributes, thus reducing the demands
for other information-providing variables, Specificall? the number
of positive and negative instances.

It was found that on immediate acquisition, recognition of new
concept instances for Conditions 1, 2, and 3 was significantly bet-
ter than Control (p <.001), but the three treatment conditions were

ot 5ignifi;antly different from each other (p ».10). TFor this
reason, defining a concept by specifying its relevant attributes
maf actually decrease the number of positive and negative instances

required. On retention, only Condition 2 (with the Markle=Tiemann

[
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set of positives, no negatives) and Condition 1 (two positives, no

negatives) were found to he significantly bhetter on recognition of
new concept instances than Contro:. Perfarmarce on thise dependont

variable was surprisinglvy better on retention (p <.05) for Condition

2, without negative instances, than for Condition 1 which inecluded

the Markle=Tiemann number of negative as well as positive instances.

£ fi this long-term eflect scems rather inconsistent

b
\H
]
s
o
o]
L
[}

with the predictions of Markle and Tiemann, who maintain r ..t ne-
gative instances have a decided facilitative effoct on concept it-
tainment. A cleser look at thé pattern of errvol s, however, reveals

that Ss receiving the full set of examples and non-examples also

undergeneralized significantly more than 5s who did not receive nen-

examples, The finding that the presentati of a rational set of
P tive instances alone resulted in berter racognition than the

which was supplied during instruction. As pointed out in the dis-

cussion of Main Study T, Merrill and Tennyson have found that the

H

lore information presented, the more cautious the responses tend
to be, or the more reluctant the Ss are to identify low-probability
examples. 1In terms of patterns of classific tion errors, an overly

cautious pattern of responses is known as undergeneralization, and

it was precisely this tendency to undergeneralize which resulted
in worse performance by Condition 1 58 than Condition 2 Ss (who
received less information) on long-term recognition of new con-=

cept instances.
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A complete analysis of the pattern of errors made in Main

11

Study IT showed that on immediate acquisition Condition 1 (with

the full Markle-Tiemann set of positive and negative instances

plus definition) resulted in significancly more ‘undergeneralization
than Condition 3 (with only two positive instances plus definition),

and that Condition 4 (Control) resulted in significantly more errors
of undergeneralization than Condition 3. Only the relationship
between Sanditigns 1 and 3 was still significant on retention,
in addition to the significantly greater undergeneralization for
Condition 1 as contrasted with Condition 2 which was discussed in
the previous paragraph.

The pattern of overgeneralization errors was somewhat more

onsistent across immediate acquisition, with Control resultiag in

\I":I

ignificantly more overgeneralization (han any of the other three

i)]

treatment conditions. A most interesting finding was that removal

H-'"

of negative instances (Condition 2) did not lead to more overgenar-
alization than presentation of the Full Markle-Tiemann set of posi-

tive and negative instances (Condition 1). According to Markle

and Tiemann, of course, the removal of egative instances should

h

result in greater overgeneralization because the student fails to

discriminate properly not -encountered a winimum of non-

f he ha

[
]

examples during instruction. Tennyson (1971) proposed that nega-

the student to focus on the relevant or de-=

m

tive instances caus
fining attributes of the concept, and in his study the.removal of
negative instances caused signific cantly more avar?eneralixatian

d in all

[

even when a definition of the concept adverb was includ
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treatments except control. Based on results of the present study,
there is evidence that the learning of three particular environmen-
tal concepts may be different when a definition of the concept is
provided than when the definition is omitted. In the case where
negative instances were not included in the teaching sequence, pre-
senting a definition seemed to compensate for the lack of non-exam—

r relevant attributes

(o]

ples. ©Since a definition states the defining
~of the concept it may be that when the concepts to be taught are
somewhat difficult, merely-prESEﬁting p@éitive instances along with
the concept definition is as effective as presenting the full set
of positive and negative instances without definition.

Ténnysan found significant differences among treatments even
when a definition of the concept was ineluded. There is evidence
that one reason for the unusual results abtaingdriﬁ the present
study may be the difficulty level of the instances which were used
for teaching and for testing. While Tennyson used a range of in-
stances during instruction, the present study presented teaching
examples and non-examples which were nearly equivalent in tefms of
difficulty (approximately at the .70 probability level). From an
examination of those items which were missed by students in Hain
Study II who overgeneralized or undergeneralized significantly, it
was found that the iﬁems most generally misclassified were low-
probability items (ranging from probabilities of .23 to .57). Per-
formance on the dependent measures (which included a range of in-
stances) might have been somewhat different if the full range of

examples and non-examples had been presented in the lessons.
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For the dependent variable knowledge of definition on immediate
acquisition it was found that Condition 1 8s (who received both
positive and negative instances plus definition) actuall§ per formed
worse. (p <.05) thin Condition 2 S8s (who received only positive in-
stances plus definition). This may have been a result of  the amount
of information preéented, and the group receiving the definition
plus positive as well as negative instances could have been more

confused by the great amount of information than the group receiving

less infurmation. On immediate acquisition there was also signifi-

il

cantly better knowledge of definition for Condition. 2 (Markle-Tiemann

by

positives plus definition) and for Condition 3 (two positives plus
definition) than for Control. There were no significant differences

btained for any pairwise comparisons on the retention measure ad-

0

ministered eleven days following immediate acquisition. The reli-

(]

ability of the six items which tested knowledge of definition wa
not as high as the fgliabi;ity of items measuring recognition of
new instances (.53 and .éérréspéctively} yet it was sufficiently
high to be acceéptable.

No significant differences were obtained for knowledge of in-

terrelationships on either immediate acquisition or retention. As
in Main Study I, this was probably due to the exXtremely low reli-

ems which were designed to measure knowledge of

\r‘?

ability of test i

g

interrelationships among concepts (for Main Study TI the Hoyt reli-

fa

ability estimate was .18 for the nine items testing knowledge of

interrelationships).
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I't should be noted that in Main Study 11 on both immediate

acquisition and retention there was a very extreme spread between
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pendent = variable the law stratificatfon subjects performed poorly.
Thus the 1mpartaﬁié of readlng and vocabulary on performance is

clearly demonstrated.

The third main study focused on the effects of presenting

25 A5 con=

m
\m

the Markle-Tiemann set of positive and- egative stanc

concept definition, and with a concept definition plus emphasis of

On immediate acquisition as well as retention there was a

significant difference between Condition 3 (which presented exem-

plars/non-exemplars as well as definition and emphasis of rele-

=

vant attribut

\m
1]

of the concepts population, habitat, and commu-

ignificantly facilitated the learning of these three envi-

Ij
[
r
>DI’:I

[s]

n

ronmental concepts (p <.025 on immediate acquisition; p =.01
retention). The condition which included instances plus definition
and' emphasis was not fsund:ta be significantly different from the con-
dition which included only the rational set of examples and non-exam-
ples (Conditidn 1), however. On immediate acquisition, children in

each of Conditions 1, 2, and 3 performed significantly better than

C



and while Condition 2 Ss
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Con
did not differ signifiéaﬁtly from Control on fétéﬁtianiithé children

in Condition 1 who received the ratiﬁnai set of instances and in

[fu]

Condition 3 who received the rational set of instances plus defini-
tion and emphasis were still found to perform better (p <.05) than

the control group on the retention measure given 14 days after im-

mediate acquisitio

Quite unexpectedly, the condition which included only the

rational set of examples and non- examples (Condition 1) was found
to result in better recognition of new instances than the condi-

tion which included the exampias and non-examples as well as a con-
cept definition (Conditionm 2). This was true on immediate acqui-
sition (p <.0005) as well as retention (p <.025). vA close look ar
the classification errors revealed that the é@gr performance of
Condition 2 Ss was obviously due to a greater incidence of over-
generaligati@ni As shown in Appendix G, students in Condition

2 who received exemplars/non-exemplars plus definition made more
overgeneralization errors than any other treatment group, iﬁclﬁdiﬂg
Control. Since undergeneralizatiéﬁ was not also greater, the in-

ferior recognition of new concept instances must be solely attri-

butable to failure to discriminate new non-examples from examples.

This finding is not consistent with Main Study II in which the

LA

kle-Tiemann set of positive and negative in-

H

a Ma

H

presentation of
stances plus definition resulted in correct classification rather
than overgeneralization. Neither is this finding consistent with

the recommendations of Markle and Tiemann. It is quite possible that
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the content or wording of the definitions themselves may have con-
fused the students in Condition - 2, wnereas students jin Conditlien 1
did not receive the definition and students in Condition 3 received

clarification of the relevant attributes (emphasis) in a format

which provided immediate feedhack to correct false assumptions.

Although it is difficult to determine why Condition 2 58 may have
been confused, some aspect of the definition must have complicated
recognition of new concept instances, because even students in the
control group ?hg_presumably responded on a random basis made fewer
overgeneralization errors than students who received the exemplars/
non-exemplars plus definition.

Aside from the finding that Condition 2 resulted in signifi-
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cantly more overgeneralization than Condition 1, it was

n Condition 1 (who received only the rational set of examples

‘E.M
e

Ss
and non-examples) made significantly fewer overgeneralization errors

than the Control Ss on both immediate acquisition and retention,

mpha

|m'
\w

Presenting exemplanrs/non-exemplars with definition and

of relevant attributes (Condition 3) resulted in fewer errors of
overgeneralization than presenting exemplars/non-exemplars with

definition in the absence of emphasis (Condition 2) on both imme-—
diate acquisition and retention (p <.05). Additiomally, Condition

3 was found to result in significantly less overgeneralization than

Control on the retention measure.
Analysis of the patterns of classification errors alse rovenlod

that Ss in Conditions 1, 2, and 3 undergeneralized less than the

control subjects on immediate acquisition, but on retention the anly
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difference which was still significant existed between Condition
2 and Control. Subjects who received only exemplars/non-exemplars
were also found to make fewer errors of undergeneralization than

sub

L
m

cts who were apparently confused by the presentation of exem-
plars/non-exemplars plus ccncept definition.

Generally, emphasis of relevant attributes was fou nd to be
a facilitative technique only in contrast to Condition 2 in which
Ss were possibly confused and performed very poorly. Because the
significant pairwise differences between Condition 2 and other
conditions may have been due to weaknesses in the experimental

treatments, only limited conclusions should be drawn. The spe-

ific definitions of environmental ‘concepts used in this s5tudy were
not found to facilitate concept learning performance on either im-
mediate acquisition or retention.

The only significant differencés found for knowledge of defi-

sition: Conditions 1, 2, and 3 each
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esulted in better performance than Control. Another indication of
the possible confusion exhibited by Ss who received exemplars/non-
exemélatg plus definition was the fact that Condition 1 (which in-
cluded only exemplars/mon-exemplars) actually resulted in slightly
better recagniéion of definition than Caﬁditi@n 2 which clearly
specified the concept definition. (A Hoyt rel;ablllty of .66 was
obtained fér items tastlng knowledge of definition in Main Study ITI.)
Perfarmance on the remaining dependent variable, knowledge of
interrelationships, was not found to be significantly different for

any pairwise co parlsans between treatments. - Possible weaknesses in



in the instrument (item reliability of .54) as well as difficulty
of the concepts and complexity of the interrelationships invalved

were probably factors which influenced performance on this parti-

cular variable. w0

Limitations of the Studies . 5

It must be pointed out that the specific concepts which were
chosen for the present research are critical factors which neces=
sarily limit the generalizability of tesuitsﬁ Wherever councept de-
finition was studied as a dependent variable, the particular EDﬁ;:
cept. delfinition as stated in the lesson booklets was also a major

determinant of the final experimental outcomes. - Associated with-
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hree environmental concepts population, habitat, and

y were approximacely 3 relevant attributes and 4 irrelevant

dlfflculty
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attributes.i If other concepts of different level
and different numbers of relevant and irrelevant attributes had

been chosen, thé.fesults of the present study might have been quite
different. It is important to reiterate that the number of rele-
vant and irrelevant attributes of a concept (a) determines the num-
ber of positive and negative instances used in tEBChl;g, (b) affects
the length and amount of information in the definition, and (c) regu-
lates the frequency of emphasis during instruction. Tn turn, the
number of relevant and irrelevant aﬁtributés influences the results
obtained when number of instances, definiti n, and emphasis arc the

independent variables under investigation. Tt is likely that the
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difficulty of the teaﬂhiﬁg,and testing instances and.émphasié of
irrelevant as well as relevant attributes might also be important
independent variables in concept attainment, although the present
study was not designed to test either of these,

The degree to which the actual experimental meterials in-
~ fluenced results must also be considered. Hoyt reliability esti-
mates for the items testing recognition of new instances were quite
high for all three studies (.81, .88, and .88 respectively), but
items meaéuring knowledge of definition and knowledge of inter-
relationships were much less reliable,

In summary, based on results of the present study it seems
that complexity of the concept to be taught and the number of re-
levant and irrelevant étttibuteg of the concept have a powerful
influen&e upon concept attainment, ;specially when the concepts are

drawn from typical school subject-matters.
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University of Wisconsin, Madison, Wisconsin

110




APPENDIX A

GENERAL INSTRUCTIONS TO STUDENTS
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Instructions to Students

Good afteruocon.

ty name is o+ I am working with some people at the Univer-

sity of Wisconsin in Madison. We're very interested in finding better ways
to help children learn about science. Today you will be able to help us by
answering some questions. You will be taking a shart test, but there is no
reason to worry about the test; just do your best, and you will help us to
make learning about science easier=fer other boys and girls.

I am going to hand out the booklets now. Please don't open your book-
let until I tell you to do so. [Distribute booklets. ]

Now write your name, and the name of your teacher on the cover, and fill

in today's date. [write the date on the blackboard] How turn to the nexrt

page where it says Word List.. These are some of the words which you may

find in the questions you are going to answer. Because some of them are a
little unusual, let's take just a minute to go over them. Do you see the
word 7 What number is it ? [Good!] Let's pronounce it together.

What about the word _ 7?7 Do you see it listed here ? [Continue until

all of the words have been pronounced, and their numbers indicated.] Thore
may be other words in the questions which look new to you, but don't he a-

fraid to raise your hand if you need help. I will come around and pronounce

any words which are giving you trouble.
Let's turn to the next page now. This is just for practice [the Sample.

Page] but the rest of the test looks like this, so it is important to learn



e
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L

how to mark your answers. [Read through the instructions, and allow the
children to mark sample items, then show on tlie blackboard how their answers
should look.]

Unless anyone has a question for me to answer now, I think that you are
ready to start on the test. Any questions 7

When you finish, just keep your booklets and work quietly on something

else until everyone is through. O0.K., you may turn the page and begin.

ERIC | )
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APPENDIX F
SUMMARY TABLES FOR UNIVARIATE ANALYSES OF VARIANCE
PERFORMED ON THE FIVE DEPENDENT VARTABLES IN MATN

STUDIES I, II, AND TiI
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Main Study I

Immediate Acquisition

Variable Source df MS F p

Recognition ! Reading Level 2 43.74 11.60 .0001

of New Concept Treatment , 3 19.69 5.22 .002
Instances Interaction (R x T) 6 1.55 41 .871 |
Error (Within cells)| 85 3.77

Total 96

Overgeneral- Reading Level 2 16.42 3.65 .030
ization Treatment 3 26.88 5.98 001

Interaction (R x T) 6 1.65 .37 .898
Error (Within cells)} 85

Total 96

Undergeneral=- Reading Tevel 2 32.16 8.67 . 0004
ization Treatment 3 21.56 5.82 .001
Interaction (R x T) 6 2.69 72 .631
Error (Within cells)| 85 3.71

Total - 96

Knowledge of Reading Level 2 28.15 15.09 .0001

Definition Treatment 3 1.75 .94 426
Interaction (R = T) 6 .39 .21 .973

Error (Within cells)| 85 :

i Total 96

P

Knowledge of - Reading Level 2 29.24 11.64 ; .0001
Interrelation- Treatment 3 .19 | .08 .973
ships Interaction (R x T) 6 .72 .69 .662

Error (Within cells)| 85 53

Total 96




Main Study I

Retention

Source

]

Recognition
of New Concept

- Instances

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

49.92

42

Overgeneral-
ization

Reading Level
Treatment
Interaction (R x T)

"Total

21.62
16.30
2.97
5.80

!73
.81

.51

[ =

.028
044
. 797

Undergeneral-
ization

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

WO WD O O
A Oh P

i U]

.81
.56
-39

=

.011
-206
.883

Knowledge of
Definition

Reading Level
Treatment
Interaction (R x T)

Total

22.30
.97
1.07
2.24

.43

48

.0002
.729
.823

Knowledge of
Interrelation-
ships

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

18.34
1.36
1.29
2.02

9.07
.67
.64

.0003
.572
.701




Main Study II

Immediate Acquisition

Variable Source df M5 F p<

Recognition Reading Level 2 120.68 34.91 .0001
of New Concept Treatment 3 28.62 8.28 .0001
Instances Interaction (R x T) 6 7.13 2.06 .064
: Error (Within cells)| 102 3.46

Total 113

Overgeneral-" Reading Level 2 74.79 20.51 .0001
ization Treatment 3 24.35 6.68 0004

Interaction (R x T) 6 5.43 1.49 .190
Error (Within cells)| 102 3.65

Total 113

Underge.ieral~- Reading Level 2 43.23 13.69 .0001
ization Treatment 3 9.76 3.09 .031

Interaction (R x T) 6 6.99 2.21 . 048
Error (Within cells)| 102 3.16

Total 113

Knowledge of Reading Level 2 34.52 22.53 0001
Definition Treatment 3 10.57 6,88 .0003

Interaction (R x T) 6 1.09 .71 . 644
Error (Within cells)| 102 1.54

Total : 113

.039
. 306
L6421

»
(W]
= oo

Knowledge of Reading Level 2 5.47
Interrelation- Treatment 3 1.99
ships Interaction (R x T) 6 1.65
Error (Within cells)| 102 1.63

o
O M

Total 113
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Main Study II

Retention

Variable " Source df MS F p<

Recognition
of New Concept
Instances

Reading Level
Treatment
Interaction (R x T)

"Error (Within cells)|:

Total

.11
.24
.91
.27

[
RO

fad 1 dom

41.91
7.72
2.11

Overgeneral-
ization

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

.76
.49
.97
.13

| v
A et

19.78
5.20

- 1.20

.0001
.002
.311

Undergeneral-
ization

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

59.96
11.10
5.90
3.44

17.42
3.22
1.71

-0001
.026
125

Knowledge of

Reading Level
Treatment
Interaction (R x T)

Error (Within cells)| 10

Total

16.54
6.97
3.61
2.00

.0005
.018
.110

Knowledge of
Interrelation-
ships

Reading Level
Treatment
Interaction (R x T)

Error (Within cells)| 10

Total 1i3

.92

(]

.64

2.45

.239
.789
.030




Main Study III

Immediate Acquisition
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I . — —7— _— —
Variable Source f df M5 F p<
Recognition Reading Level ' § 2 63.54 18.00 .0001
of New Concept Treatment i3 47.11 13.34 .0001
Instances Interaction (R x T) ! ¢ 5.88 1.67 .139

Error (Within cells) ! ggp 3.53
Total 101

Qvergeneral-
ization

Reading Level 2
Treatment 3
Interaction (R x T) 6
Error (Within cells)| gq

Total 101

26.58
48.49
4.91
4.33

6.14
11.20
1.13

003
0061
. 349

Undergenaral-

ization

Reading Level 2
Treatment - 3
Interaction (R x T) 6
Error (Within cells)| 90

Total 101

46.34
37.91
3.07
3.13

14.81
12.12
‘98

Knowledge of
Definition

Reading Level 2
Treatment ‘ 3
Interaction (R x T) 6
Error (Within cells)| 90

Total 101

17.05
5.07
2.14

.0001
.003
-056

Knowledge of

Interrelation-
ships

Reading Level 2
Treatment 3
Interaction (R x T) 6
Error (Within cells)| 90

Totai 101

7.37
.19
1.91

.001
.088




Main Study III

Retention

Variable Source df MS F P<

“ecognition
of New Concept
Instances

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

xTatal

Overgeneral-
ization

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

ooy

.51
.19
-84

.0002
.0001
.541

Total 101

Undergeneral-
ization

Reading Level
Treatment
Interaction (R x T)
Error (Within cells)

Total

.04
.62
.86

Knowledge of Reading Level 2 44,72 21.85 .0001
Definition Treatment 3 1.95 .95 419
] Interaction (R x T) 6 3.39 1.66 141
Error (Within cells)| 90 2.05
Total 101
Knowledge of Reading Level 2 20. 44 9.95 | .0002
Interrelation- Treatment 3 .45 .22 .883
ships Interaction (R x T) 6 2.29 1.12 .359
Error (Within cells)|{ 90 2.05
Total 101




APPENDIX G
MEANS FOR DEPENDENT VARIABLES BY TREATMENTS AND PREVIOUS
READING ACHIEVEMENT LEVELS ON IMMEDIATE ACQUISITION

AND RETENTION FOR STUDIES I, II, AND IIT
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Main Study I, Immediate Acquisition:

Means* for Dependent
Variables by treatments (three combinations of instances)
and Previous Reading Achievement Levels

o [ Tfeatmgngiégndigign

Depen:-
dent
Variable

Previous
Readang
Aehisvemont
level

MT negatives

1 (N=24)

MT**positives

2

MT positives
only

(N=24)

3

two positives

only

4 (N=23)

Control

Kecogni~-
tion of
New In-
stances
(MSE=
3.77)

Mediun_ (1=35)
Low (1=32)

Across Reading
Lavel (N=97)

2.63
.71

- 32

1.01

.38
- -55
=1.51

- ,60

1.51
.07
.02

.63
.99

Overgen-
eraliza-
tion
(MSE=

High (¥=30)
Medium (1:+35)
2)

Low (I=32

- .7 - .19

.75
67

5 : KTy -1.582 i, 0z .2

4.50) ACrvués Hoadlig it i.¢ 7 21
Thf.-cj (P37 N
LA S - I

Undergen-
eraliza-
tion
(MSE=
3.71)

High (k=30)
Hodium ( Ig_‘;“))
Low (K=32)

Anvosys l'eading

Knowledge
of Def-
inition
(MSE=
1.87)

Levol (I=%7)
Bigh (N=30)
Medium (M=35)
Low (¥=32)

Across Reading
{level (1=57)

=~1.19

Knowledge
of Inter=-
relation=
ships
(MSE=
2.51)

hiigh (1=30)
Mediwn (N=35)
Lew (N=32)
Across Reading
Ievel (N=97)

LTS
A e e
W 1 A

oo

.9

LY .

6.86

6. 14
L. eé

- 6.04

h.00
h.44
5.00

**Refers to the number of insta

*Means for the first four de
combined Z-scores;

are given as raw scores.

and Tiemann.

pendent variables are given as
means for the last dependent varigble

nces recommended by Markle



Main Study I, Retention: Means* for Dependent Variables
by Treatments (three combinations of instances) and
Previous Reading Achievement Levels

Previous __Treatment Condition B

Dependent Reading 1 (N=24) 2 (N=24) (N=26) (N=23)

Variable Achieve- MT*% pogi-
mgnF tives MT posi- P positives [Control
L?VEl, - MInegatives| tives only| only

SIS S — — ———

; Bigh (N=30) 2,80 75 1_§§ 1,15
b1 |Medium (N=35) .28 ~ .54 -3 - 32
Heerzniti - AN - - - _

gf‘cxai % Low (k=32) - .39 -1.57 * - .31 -2,05

fiézigcig) 'Aeross Resding .90 - .62 ‘ 100 - ko

High (%=30) sz_ia . .07
e o - Mediwm (1=35) - kg 1.11
(vorgeneral= Ay _ . i
(MSE=5_80)

e

High (N=30) -1.43 -1,006
Medium (N=35) 26 .02
Indergeneral- [Low (K=32) 1.24 31
ivction _

(MsB=4,91) Across Reading .02 - .20 - .53 .78
' ' Level (N=97)

High (N=30) 1.14 72 .68 1.09

Medium (N=35) - .50 .30 i ~ .33 .26

Knovledye Low (N=32) - .27 - .70 ~-1.15 | -1,03

of Definition :

(MSE=2.24) Across Reading .12, .08 - .30 12
Level (N=97) o i

7.25 6.43
6.4k 6.67
5.11 5.00

High (N=30) 7

Knowledge of (Medium (1=35) | 6.

Interrelation-{low (1=32) 6.
6

W On ]
00
& ~30O

ships

& 6.23 6.09

o
e
Loe

W

PR Aeross Reading

|
-
|
l?f

*Means for the first four dependent variables are given as com-
bined Z-scores; mears for .l.. last dependent variable arc given

as raw scores.

**Refers to the number of instances recommended by Markle and Tiemann.




144

Main Study 11, Immediate Acquisition: Means* for Dependent
Variables by Treatments (three combinations of instances plus
concept definition) and Previous Reading Achievement Levels

N Previous 1 (N=30) 2 (N=28) (3 (N=30)l4 (N=26)
ng?éé?nz Readin MT#**positives; MT posi-|two posii
Variable g . P .
Pomees Achievement MT negatives | tives & [tives &
Level - 1% definition | defini-- |defini- |Control
tion tien
e o e e s [ it AN e
High (N=l0) 2,15 Li.74 2.87 |- .01
Recorniti Medium (N=38) .69 .08 .57 |~1.83
rornit - Lt X -
g?g;%glm Low (N=36) -2.84 .07 -1.52 |-2.88
Instances , -
ot g Across Reading - .01 .67 Ol [=1.46
(MSE=3.56) | Tovel (Iaﬂjill-)
High (Eﬁ#@) 7 =2,25 -1. EE -1.81 .25
(MeR=3,65) _
' ) ANTOES iiﬂail.ﬁlé P - ,'75 ~ .05 _L_jjc;
SR R 2 LN B
High (1=k0) - .85 ~1.24 -2.13 (= .31
Undergeneral~ | Mediwn (1=38) .17 1.62 = .93 .63
ization Low (N=36) 1.86 - 24 .71 1.00
jiSE=3.16 : y
(1i58=3.16) Across lieading .39 .07 - .79 .38
LEVE!L (I LiLF)
, Hi%h (3;3*“@), .29 1.45 1.09 |- .ok
Knowledge Medium (1F38) | - .02 .6l .85 |- .21
of Definition |Llow (M=36) -1.58 .10 -1.27 |-1.67
MSE=1. 5 ,
( L34 Acrose Reading| - 43 .76 23 = .60
o Lavai (1\‘:111+) E. ‘

: High (I=40) 6.70 6.60 6.50 7.00
Knovledge of |Mediuwm (1=38) 6.60 6.50 6.30  7.13
Intorrolation~|Low (li=36) 5.60 7.00 5.60 5.88
ships 7

MSE=1.6' Across Reading) 6.30 - | 4,68 6.13 | 6.69
(MSE=1.63) | Poved (1=114)

* Means for the flrst faur dependent variables are given as combined Z-scores;
means for the last dependent variable are given as raw scores.

O  ** Refers to the number of instances recommended by Markle and Tiemann.
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Main Study II, Rentention: Means* for Dependent Variables
by Treatments (three combinations of instances plus concept
definition) and Previous Reading Achievement Levels

Treatment Condition

Previous
Dependent Reading
Variable Achievement
Level

1 (N=30) T2 (N=28) | 3 (N=30) 4 (N=Z6)
MT#%positives| MT posi- |two posi-
MI negatives | tives & tives & Control

& definition  definition definition

High (1=40) 1.68 2.39 3,13 .62

Modium (N=38) | - .25 N R & -1.60
Recognition [Low (1=36) -2.85 . .68 -1.56 -2.69
of New ; 7 1
Instancos Across Reading! . 47y - 1.05 f A3 -1.08
(MSl=3.27)  [level (M=i1k)

Bigh (W=40) -1.59 -1.53 : .16
; ; tedium (1=38) - .3 i - LG4 - .07 £6
- ernenorels how (¥#=36) 1.61 |- 5 1.85 3.09
ization '
(Lerei 172) Aorans Bondine ol - .01 - 18 1 29

High (W=40) - .7 -1.80 | -1.79 “1.2
| Undergeneral- [odiur (1F38) 153 1507 55 12
:Iiifgzmmlgaw (1:=36) 2k | - .80 b6 o=y

(KSB=3.4)  |pcross Reading .90 - ko - s o
Lovel (M=114)

e L s e —— - e — - — = TR S it e e e e ]

P ——

High (r=ko) ~ .09 .77 1.39 -28
Knowledge  [Medium (1=38) | . |03 - 0% ° .97 - .70

. of Definition [LoW (=30) ~1.19 .55 -1.08 ~1.00

U fyiepen \ 7 o o )
| (MSF2.00) | ross Reading -~ 4g A2 43 -
.’ . i;;vagzr(;?ﬁlilk)i

High (=l0) | 540 6.50 6.60 7.10

Knowledpe of Medium (3=38)  §.70 5,50 6.60 5.63
| Interrelationdiow (1=36) L 5,50 6.75 5.00 6.00
! ships ; o 7 o
! (KSEFz,64) Across Reading] - 5 87 6.21 6.07 6.31
;  level (mith) |

_— R S —

* Means for the first four dependent variables are given as combined Z—-scores;
means for the last dependent variable are given as rav scores.

*#% Refers to the number of instances recommended by Markle and Tiemann
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Main Study II1I, Immediate Acquisition: Means* for Dependent
Variables by Treatments (Markle-Tiemann set of positive and negative
instances alone, with definition, or with definition and emphagis of
relevant attributes) and Previous Reading Achievement Levels ;

Treatment Condition

3 (N=26) f 4 (N=26)

T

Previous l(N=24)‘E% (N=26)

Dependent Reading ML**instan~Ml instan-
Variable ?chievement ces alone
— Level

MT instances,
es & de- |definition, &
inition  emphasis_ '

Control

=

Recognitie Fedium (N=35) . .20 , . =Z.J1
g?c?igi%iupn Low (N=33) - .20 -1.26 I -1.16 . =2.40
Instances : - i - .
(IJS;:; 53) AGI‘{:E:Q RSEdiDg l :L"? = .3}4 l L] fl El 'i?j
level (N=102) - |

High (1&34) | =3.67 1.23 1 -1.87 46
. Medium (1=35) | = .92 98 b 52 .68
(verponoral= ) oy (1::33) - .70 1.98 B4 1.25
ization ) '

(I'}SF;#' . :Q‘J) Eﬂérﬁgg Hﬁﬂﬂﬁﬂg i-} . ?:? j .l“"l -, ‘1? i F{“
|Lovei (1-102)

, 5 _
EHigh (h=34) -1.53 -1.65 ﬁlig; g.ﬁﬁ
trdereenaral (Mediun (1=35) 23 -1.40 - .62 2.45
Lreeroenerals oy (#33) 1001 |- .48 1:30 535
(MSE=3.13) lAcrans Rouding) - .01 -1.16 - .45 1.65
¢ — Levol (1=102)

' Bigh (h=34) 1.91 JE 1.62 l.fég
Knowl.cd Mediws (N=35) | - .67 .78 | .73 -1.6
Eneviedga Low (N=33) - .80 - .92 - 67 -1.23

of Definition | N
(MSE=1.92) Across Reading .15 .12 .61 _ .86
e e jLevel (N=102) :

High (N=34) 6.75 5,75 6.78 6.56
Knowledge of  [Meddum (N=35) L.78 7.00 6.33 225
Intorrelation- [Low (1=33) 5.29 4, 56 k. 50 5.11
ships , ) — o L
i Across Reading| 5.58 5,77 5.92 5,65
(KSB73.05) level (1=102) -

* Means for the first four dependent variables are gilven as combined Z-scores;
means for the last dependent variable are given as raw scores.

*% Refers to the number of positive and negative instances recommended by
Markle and Tiemann




Main Study 111, Retention: Means* for Dependent Variables by
Treatments (Markle-Tiemann set of positive and negative instances
alone, with definition, or with definition and emphasis of
relevant attributes) and Previous Reading Achievement Levels

Tr;atmeﬁt ééhdiﬁioﬁir

Previous
Dependent Reading
Variable Achievement
Level

11 (N=24) [2 (N=26) [ 3 (N=26) | 4 (N=26)
MT#%instan-MT instan-MT instances, |
ces alone ‘ces & de- definition, & o
s e Control
finition emphasis

High (1=34) 3.33 74 2.53 .28
Recognition ledium (¥=35) - .26 - .38 v 1.20 -1.21
of New Lov (N=33) - .77 -1.55 -1.37 -2.53
Instunces X o i .
(MSE=3,99) Across Rording .78 - .43 .87 =-1.15
T level (I&=102) o )

L S Ry S——
High (N=34) -3.52

, Yedium (M=35)1 =~ .94 1
Overponeral= 11cw (1=33) .30 1.6
ization

o
L]
Ex

FTALR Y L o v == e
Fisier, 0t ) Across Lea

\aing  -1.37 | 131 0 - €3 78

»
-

=
¥F fix 1525 !
Sy Las=an ) :

£
£
)

High  (1=13k) -1.23 -1.88 -2.10 - .18
o Medium (li=35) . 1.77 =-1.39 - .02 . 77
Undergenoral= 1),y ()33)” . 1,09 .29 1.38 1.63
ization : A ; '

(MSERH, 78) Aeross fwading 57 =96 | - .31 7
Level (h=102)y e e e

High (3:=34) 1.75 59 1-93 -g%
e A Medima (}=35) - .32 .03 .28 = .5
Knowledge o (1w o _ 1.8 124
of Definition |LOW (1#=33) | . .G2 48 1,84 | :
(MSE2.05) | porosc Peading .19 .03 20 = .k
High (N=34) 6.68 6.50 7. .44 7
y L [ Medium (B=35) 5,67 6.00 6.33 6, 3¢
Knowledge of 1 0" (nagy) 5,57 6.11 4,75 5.0l
6

1nterraiaticnﬁ
ships feross Heading 6.0 6.19 6.23
(MSE=2.05)  |Level (R=102)

* Means for the first four dependent variables are glven as combined Z-scores;
means for the last dependent variable are given as raw scores.

*% Refers to the number of positive and negative instances recommended by
Markle and Tiemann.




APPENDIX H

RAW SCORE MEANS AND STANDARD DEVIATIONS FOR DEPENDENT MEASURES

CONDITION WITHIN READING ACHIEVEMENT LEVEL

Q ) .
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