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AESTRACT

The primary purpose of this study/experiment was to
determine whether children in the middle elementary grades would be
able to learn the concepts "biodegradable agent," "hiodegradable
material," and "biodegradable process" from a short written lesson.
Secondary purposes were to examine the degree to which a pretest,
grade level, and sex of the student influenced the amount learned.
The three concepts were analyzed to determine their relevant and
irrelevant attributes. Examples and nonexamgples of each concept were
also selected. On the basis of these analyses a 5 1/2 page lesson was
written. Information given in the lesson for each concept inciuded a
definition in terms of the relevant attributes of the concept, and
both examples and nonexamples of the concept. A 12-item testing
instrument was also developed. The basic design was a Solomon
Four-Group Design with pretest and lesson as factors. The design was
replicated at two grade levels, fourth and sixth, and sex of the
student was also included as a factor. Concluding statements indicate
that both fourth- and sixth-grade students gained information about
the concepts by studying a short written lesson and retained a
significant amount of that information for a three-month period. The

reading lesson and tests are included. {(Author/BIL)
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Statement of Focus

Individually Guided Eduecation (IGE) is a new comprehensive system of
elementary education, The following components of the IGE system are in
varying stages of development and implementation: a new organization for
instruction and related administrative arrangements; a mode! of instructional
programing for the individual student; and curriculum components in prereading,
reading, mathematics, motivation, and environmental education. The develop-
ment of other curriculum components, of a system fof managing instruction by
computer, and of instructional strategies is needed to complete the system,
Continuing programmatic research is required to provide a sound knowledge
base for the components under development and for improved second generation

components. Finally, systematic implementation is essential so that the prod-
ucts will function properiy in the IGE schools.

The Center plans and carries out the research, development, and imple-
mentation components of its IGE program in this sequence: (1) identify the
needs and delimit the component problem area; (2) assess the possible con-
straints—financial resources and availability of staff; (3) formulate general
plans and specific procedures for solving the problems; (4) secure and allo-
cate human and material resources to carry out the plans: (5) provide for
effective communication among perscnnel and officient management of activi-
ties and resources; and (L) evaluate the effectiveness of each activity and
its contribution to the total program and correct any difficulties through feed-
back mechanisms and appropriate management techniques.

A self-renewing system of elementary education is projected in each
participating elementary school, i.e., one which is less dependent on external
sources for direction and is more responsive to the needs of the children attend-
ing each particular school., In the IGE schaols, Center=developed and other
curriculum products compatible with the Center's instructional programing model
will lead to higher student achievement and self-direction in learning and in
conduct and also.to higher morale and job satisfaction among educational per-
sonnel, Fach developmental product makes its unique contribution to IGT as
it is implemented in the schools. The various research compaonents add to the
knowledge of Center practiticners, developers, and theorists .
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in the mlddlc elemt}ntary q‘adw wculd be able ta léarn the :Qm:cp
biodegradable agent, biodegradable terial, and biodegradable pmgzsj
from a short written less$in. In addition, the experiment was designed
to explore the effects of pretesting, grade level, and sexof student - .
on the-amount learned, :
The three concepts to he taught were analyzed to det ine their
relevant and irrelevant attributes, Examples and norexample es.of each
concept were also selected, On the basis of these analyses a 5 1/2=page
lesson was written., Information given in the lesson for each concept
included a definition in terms of the relevant attributes of the econcept,
and both examples and nonexamples of the concept.: A l2-item testing
instrument was also developed. This instrument, used as both a pretest -

‘and postiest, consisted of multiple-choice items requiring recognition

of examples and nonexamples of all three concepts, and recsqmtlan of
the relevant and irrelevant attributes of biodegradable process.

The basic design was a Solomon Four-= Gmup Design w1tﬁ pretest and
lesson as factors. The désli.jn was repl;:atéd at two grade levels, faurth
and sixth, Sex of student was also included as a factor in the design.

Before studying the lesson, half of the students received a pretest.
Students were then given the lesson to study independently for approx=
imately 10 minutes, After studving the lesson, all students received a
posttest, v

The essential imqus of the study were:

1, Students who studied the lessan attained higher scores on an

"immediate posttest and on a three-month retention test than
students who did m:xt study the lesson.

2. Students who took a pfé—:test prier to studying the lesson did not
différ in their scores on an immediate posttest or on a three-month
retention test from Students who ;j,id not take a pretest,

.3, Sixth- ~grade students attamed hlghEI’ sgores-on an 1mrnedlate post=
test amd on a three manth retention test than fourth- -grade students.

"4, Sixth= grada students éxhlblted hlgher gain szores from pretést to-

o posttest than fourth-grade tudents.

5. Boys did ngt differ from tjif‘ls in their scores on an immediate -
posttest or on a three-month retention test,
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o]



O

ERIC

A e Provided by R

higher-order scientific concepts were accessible
only to college students or biologists, . It is

the authors'-belief that preservation of our envi-
ronment will ultimately depend on the acquisi-
tion of such concepts as early as possible in

the educational careers of childre

In agreement with this belief, thé Wiscon-
sin Research and Development Center is devel-
oping an instructiona) program for elementary
school ehildren which focuses on environmental
problems. To insure the success of this instruc-
tional program, Center staff are determining
experimentally at what age and in what manner
such concepts can be mastered most effectively
by. elementary school students,

To answer questions such as these, re~
search dealing with the learning of subject
matter concepts must he carried out in actual
classroom settings . Applied research in con-
cept learning-has been neglected or, more
accurately, has been overshadowed in the

&
5 -
. I
o o : Introduction

A recent issue of National Geographic literature by the exposition of grander develop-

focused on the ecological erizis and the immi- mental theories of cognition. This is consis-
" nent threat to our planet's life-support systems. _ tent with the current pEYEhGlDQiC‘%l focus an

In a concluding statement Russell E, Train, " learning processes and the devaluatior. of
Chairman of the President's Council on Envi- content, Clearly, content needs greater emphasis
ronmental Quality, said, "But no policies will if the results of educational research are to be
worksunless people understand them and stand translated into educational practice. In the class-
behind them. Our citizens must be informed, % room, it is not enough for a child to demonstrate
ur‘gt:ntly and accurately We need new atti- the acquisition of cognitive skills consistent
tudes: not those of endless abundance? of the with a specified deyelopmental st?l'gt‘_‘ He must
ever-expanding frontier, but those of a mature, ™~ also demonstrate acquisition of cartalngcrmcal
responsible society" (Young & Blair, 1970, subiect matter concéapts,
p. 780). z - )

The following study was motivated in part
by beliefs, parallel to those of Mr. Train, that
the public needs information in order to change Teaching and Testing for Concept Mastery
attitudes so that a mature responsible society . .
can make the policies and decisions required In studying the acquisition of subject
to enable biolegical survival and to reverse matter concepts, one of the most difficult prob-
the decline in the guality of life, Some of the lems confronted is to develop an approach to
information necessary for individual and collec- teaching and testing which will be applicable
tive action is of a technical nature. Previously, to a wide range of concepts. Such an approach

has been developed at the Wisconsin Research

and Development Centér. Concepts are "analvzed"
in terms of their defining attributes., Based on

this analysis, examples and nonexamples of the
concept are selected systematically. Alsg, the
concept to be taught is related to both more
general and more specific concepts.

As an illustration of this type of analysis,
consider the concept triangle. The defining
attributes of the concept are: (a) the flgure is
a polygon, and (b) the figure has three sides.
Examples are chosen which have the defining
attributes but vary in other attributes which are
not relevant to the concept—length of sides,
size of angles, orientation of the figure, and
s0 on, Nonexamples are chosen which do not

" exhibit one of the defining attributes—are not

polygons or do not have three sides. The con-
cept triangle is identified as a member of the

general class or concept polygon. Right angle
triangles, equilateral triangles, and isosceles

-
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triangles are identified as specific members

of the class or concept trianale. Work at the
Wisconsin R & D Center hag shown that many
concepts in subject matter areas as divergent
as science, social studies,; language arts, and
mathematics can he analyzed in this manner
(Golub, Fredrick, Nelson, & Fraver, 1971;
Rombherg, Steitz, & Frayer, 1971; Tabachnick,
Weible, & Frayer, 1970; Voelker, Sorenson,

& Frayer, 1971).

The analysis of a concept can form the
hasis for writing lessons to teach the concept.
The writer may tell the student the defining
attributes of the concept (which is equivalent
to giving a definition), provide examples and/for
nonexamples of the concept, or point out the
relationships among various concepts. Since
the information presented about a concept can
be clearly described, lessons which differ
from one another in specified ways can be
compared with regard to their effectiveness
in teaching the concept,

In an analogous manner, the analysis of
a concept can form the basis for testing con-
cept mastery, Questions can be written to
determine whether the student recognizes exam-
ples and nonexamples of the concept, knows
the defining attributes of the concept, and
understands the interrelationships among con-
cepts, A paradigm for writing such items to
test concept mastery has been developed by
Frayer, Fredrick, and Klausmeier (1969).

Thus, a promising approach for carrying
out research on the acquisition of subject matter
concepts 15 to construct lessons which can be
described with regard to characteristics such
as the number of examples and nonexamples
presented, whether the definition is given,
and whether interrelationships between con-
cepts are pointed out. In turn, the effects of
these lessons should be measured by tests de-
signed to measure various aspects of concept
mastery such as discrimination of examples
from nonexamples, and knowledge of the defin-
ing attributes of the concept,

The present experiment utilized this analytic
approach to examine the question of whether ele-
mentary school children can learn complex ab-
stract concepts related to environmental problems.
Concepts selected for this study were biode-

biodegradable progess. These concepts were
selected since they are relatively new in terms
of popular usage, vet are fundamental ecological
concepts. Each of the three concepts was ana-
lyzed to determine its relevant and irrelevant
attributes. Based rs these analyses, examples
and nonexamples were selected and a lesson
and test were developed,

Age and Concept Mastery

A question of interest to both educational
psychologiats and science educators is whether
young children can master difficult abstract con-
cepts such as those related to the biodegradable
process, Theorists differ in their belie’s con=
cerning this question. Gagné& 1970), for exam-
ple, presents a cumulative learning model which
implies that one can teach a child anything
provided that prerequisite concepts are already
in the child's repertoire., Gaané states this
view explicitly when he says,

...beyond a certain age (perhaps three)
developmental readiness for learning is
primarily determined by previously ac-
quired intellectual skills, and therefore
by the cumulative effects of learning and
learriing transfer. [P. 279]

n discussing learning in the schools,
Gagné asserts,

The educational implications of the latter
view are both clear and simple, Children -
can learn any intellectual thing we want
them to learn, provided they have learned
the prerequisites. [P. 300]

On the other hand, stage theorists such
as Piaget and Bruner imply that children may
be unable to master abstract concepts until
they have reached a certain maturational stage
(Bruner, Olver, & Greenfleld et al., 1966;
Flavell, 1963).

It is of interest, therefore, to s
complex environmental concepts suc
gradable can be taught to children of different
ages, In the present study, the lesson was

ee when
h as biode=

The relative ameunt of learning at each grade
level was determined by comparing posttest,
retention, and gain scores for the two groups.
Foliowing the rezsoning of either the behaviorists
ot stage theorists, one would predict better perfor-
mance for sixth graders than fourth graders,

Pretesting and Concept Mastery

The current trend in education is toward
individualization of instruction. This individ--
ualization is often accomplished by pretesting
hildren to determine their level of mastery of
arious concepts and skills, then assigning
tudents to instruction in concepts and skills
they have not yet mastered (see, for example,
Klausmeier, Quilling, Sorenson, Way, &

iy
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GGlagrud, 1971). Considering the frequent use
of pretesting, it is desirable to determine its
influence on the instructional process.

There are two possible effects of pretest-
ing which are of interest. Learning may occur
as aresult of taking the pretest, or the orotest
may focus attention in such a way as to influ=
ence what the child learns from the lesson,

If a control group is used in addition to the'
group which receives a lesson, it is possihle
to determine whether learning is due to the
lesson or the pretest. It is still impossible,
however, to detarmine whether learning is due
to the lesson or to an interaction between the

the pretest, the lesson, and the interaction
hetween the two, thi: study utilized the Solo=-.
mon Four=Group Design (Solomen & lLessac,
1968), Use of this design permitted avaluation
of the amount l2arned from the lessen. The
design is presented in Table |,

Campbell and Stanley (1963) note that

"while anecdotes frequently suggest that pre-

testing has the effect of sensitizing the learner
to material, published research shows either
no effect or a dampaning effect. Since there
is no reason to surmise that there would he a
depression of performance due to pretesting

in the present study, it is predicted that pre=

pretest and lesson. To isolate the effects of testing will have no effect,

Table 1
Solomon Four-Group Design

- Pretest —
Treatment ) Yes No

Source: Solomon and Lessae, 1968, p. 147,

ERIC

Aruitoxt provided by Eic:




&,
Method

Purpose

The purpose of this experiment was to

- determine whether children in the middle ele-

mentary grades would be able to learn the con-

cepts blodegradable agent, biodegradable

material, and biodegradable

orocess from a

short written lesson. In adéitian; the exper-
iment was designed to explore the effects of
pretesting, grade level, and sex of student

on the amount learngdt. On the basis of logical
analysis and related research, five hypotheses

were formulated:

1, Students who study the lesson will -
attain higher scores on an immediate
posttest and on a three-month reten-
tion test than students who do not
study the lesson,

2. Students who take a pretest prior to
studying the lesson will not differ in
thelr scores on an immediate posttest

. or on a three-month retention test from

students who do not take a pretest.

3, Sixth-grade students will attain higher

scores on an immediate posttest and
on a three=month retention test than
fourth-grade students.

4, Sixth-grade students will exhibit
higher gain scores from pretest to )
posttest than fourth=grade students,

5, Boys will not differ from girls in thelr

scores on an Immediate posttest or on

a three=month retention test.

Subjects

O

ERIC

SRR A riext Provided by ERIC

The subjects in this study were 110 fourth-

I

grade and 109 sixth-grade children at Oregon
Middle School in Oregon, Wisconsin, a small
rural community. Qregon Middle Schoaol includes
Grades 4-6, organized into four units. The
fourth=grade children inecluded in the study com~-
prised the population of one unit, the sixth-
grade children the population of another unit,
Children in each unit were heterogeneous with
regard to ability, Initially, 128 fourth-grade
children and 128 sixth-grade children were
included in the experimental sample, Eighteen
fourth graders and 19 sixth graders were dropped
because of ahsences,

Lesson

The concepts blodegradable agent, biode=-
gradable material, and biodegradable process
were presented in a 5 1/2- page lesson, The
content of this lesson was developed In an
analytical'manner. First, the three concepts
were analyzed by subject matter experts to
determine their relevant and irrelevant attributes,
Examples and nonexamples of each concept were
also selected by these experts, The analyses
of the concepts, which were used as a basis
for writing both the lesson and the test, are
presented in Appendix A,

Since the lesson was to he read Independently
by each student, an attempt was made to minimize
reading difficulty., The lesson was written in a
narrative sty.e Intended te be Interesting to fourth-
and sixth=grade children, Inlormation given in
the lesson for each concept Included a definition
In terms of the relevant attributes of the concept,
and both examples and nonexamples of the con-
cept. Tollowlng the prasentatlon of a concept,
the child was asked to give two examples of it.
The lesson Is presented in Appendix B,

b
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Table 2
Experimental Design of the Study

- - - Treatment
Grade Sex ___ No lesson Y, . Lesson
_ 1 No Pretest ,Er,étesi%; No Pretest Pretest
Male N =16 N=10 N=13 N =11
. _ | =27 ] &
Female N=12 N=16 N=16 N=16
Male N=17 N=13 N =15 N=13
6 — - SESHI S =
) Female N=12 N=13 N=12 N=14

Test

A 12-item multiple-choice test was used
to measure knowledge of the concepts blode-
gradable agent, biodegradable material, and
biodegradable process. Test questlons were
based on the analyses shown in Appendix A
and were developed according to a paradigm
for testing the level of concept mastery which
was proposed by Frayer, Fredrick, and Klaus=-
meler (1969). This paradigm suggests types
of questions to determine knowledge of a con-
cept's defining attributes as well as recognition
of concept examples and nonexamples,

For each of the three concepts, two ltems
reruired recognition of examples of the concept
and one item required recognition of a non-
example of the concept. The concept biode=
gradable process was seen to entail knowledge
of blodegradable agent and biodegradable mate-
rlal. Thus, only for this concept were ques=
tions developed to test knowledge of defining
attributes, Two items required recognition of
relevant attributes of the concept and one item
required recognlition of an irrelevant attribute,
The resulting 1 2=item test is included in this
repori as Appendix C, This same test was
used as a pretest, posttest, and retention test,

Experimental Design

The baslc deslagn was the Solomon Four=
Group Design, replicated st two grade levels,
fourth and sixth. Subjects at each grade level
were randomly asalgned to the four treatment
groups. Sex was also Included as a factor In
the deslgn, The resultlng design and the num=-
ber of subjects in each cell are shown in

Table 2, Dependent measures were scores on
retention test. In addltion, gain scores from
pretest to posttest were calculated for subjects
who were pretested.

. Pilot Study

A pilot study was carrlied out to achieve
three objectives:

- 1. To determine the characteristics of
the test items as a basis for possible
revisions

Z. To isolate any problems in the instruc-
tions or procedures

3. To determine time requirements for the
main study

The subjects for the pilot study were 167
fourth-grade students and 137 sixth-grade stu-
dents at the Milton West Elementary School
(Milton, Wisconsin). On the basis of the
pilot study, miner revisions were made ln the
Instructions, procedures, and lessons, The
12-item test had a Hoyt Internal consistency
reliability of .60. Item analysis revealed that
3 of the 12 items were poorly constructed,
These items therefore were revised prior to
the main study.

Procedure

The schedule for the study was as follows:
Day 1 morning, administration of protest to all
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subjects; Day | afternocon, administration of
lesson followed immediately by posttest to .
half of the sixth-grade unit; Day 2 morning,
administration of lesson followed immediately
by vosttest to the fourth-grade unit and to
one-fourth of the sixth-grade unit; Day 2
afternoon, administration of lesson followed
immediately by posttest to the remainder of
the sixth graders.

The experimenter was a female graduate
student who was familiar with the procedures
and materials prior to the study, On the first
day of the experiment the children were given
general information concerning the purpose of
the study and procedures to be followad in
completing the pretest. The children were
reminded of the purpose of the study and given
further directions at the time of the administra=
tion of the lesson and posttest, These instruec-
tions comprise Appendix D,

" Although in the traditional Solomon Four-
Group Design one group would receive no pre-
test, in the present study this group received
an irrelevant pretest dealing with animals and
their homes. This modification in procedure

was utilized ‘o minimize disruption of class-
room procedures, Likewise, students who were
assigned to a group which traditionally would
receive no lesson in this study received an
irrelevant lesson dealing with animals and
their homes, ‘ .

New vacabulary was reviewed prior to the
beginning of the lesson, using a numbered
vocabulary list which was included in each
lesson booklet. The same vocabulary list was
presented to all children, This list contained
a random arrangement of difficult words from
both the biodegradakle and irrelevant lessons.
The experimenter read aloud each word on the
list and had the children repeat it after her.
While the children studied the lessons, the
experimenter proctored to be sure directions
were followed. No assistance was offered to
the children other than pronouncing words (two
such requests were made, both in the fourth
grade) or for clarifying procedure.

Three months after the lessan was admin-
istered, the experimenter returned to the school
and readministered the same test as a measure
of long=term retention.
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Results .

Two dependent measures, the total score . grade, and sex are presented in Table 3. An -
on the posttest and the total score on there- . analysis of variance was carried out on the .
tention test, were obtained for each 5. Bs in posttest scarési Since the number of §5 in-
half of the groups also had pretest scores, the cells varied, the design was. nt:vnarthagtjnal
Separate analyses wereicarried out on scores and the effects were not mdependent The |
for the pasitest, retention test, pretest, and procedure ft:illtjwed ‘was to remove ‘the affects”
on the gain scores from prete t to posttest, of grade and sex first. These factors have bgen:'*ﬁ

found to be related to learning, and it would not. ...
-be desirable to make the presence or abgence - -
of ‘a treatment effect depend on the number of - - . ~

Posttest
s ¢ : : fourth graders as.opposed to sixth graders, or '+
The means and standard deviations .of post- on the number of boys as opposed to girls in- _ -.
test scores as functions of lesson, pretest, = each group, ‘It was presumed that all other

Table 3
* Means and Standard Deviations of Posttest 5&3(;:1‘&5 as
Function$ of Lesson, Pretest, Grade, and Sex-

- - ; I _ ‘Treatment. )
‘ : . _ Nr: Lesson : Lessc\n

Grade Sex ~ No Pretest Pretest | "No Pretest | _Pretest
Male . 6.13 4,80 . 5.92 7.00°

(1.71) ) (2.44) (1.89) , (2.88)

4 N=16 N=10 N=13 N=11
Femals 4,33 5.8l 7.06 6.13

(1.07) (1.76) (2.17) (3.14)
N=12 N=16 N=16 N =16

Male 6.18 6.46 7.53 7.92

(2.53) (2.76) (3.31) (2.99)
6 N=17 N=13 N=15 N=13
Female 7.00 5,92 8.42 8.36

(1.41) (2.53) (2.27) (2.31)
N=12 N=13 N=12 N=14

Note,~Standard deviations are given in parentheses,

w
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. ~ ‘Table 4
Analysis of Variance of Posttest Scores .

Séuf(:é . df : }_{ISS_ E p<

Sex (8) I 1 2,44 o<1

Grade (G). 1 - 102,57 . 17.6
Lesson (L). ; 1 - 88,38 15.2

It (]

Pretest (P) R 1 - .30 -<1
sxa 1 884 1,52
SXL o 1 19 <
GXL- - R 1,27 <1
SXGXL _ 1 1,128 - <1
Lxeo oo o <y

=

§XP S Y 1 B
A S

My
—

GXP. - S s
SXGXP | . 1 177
Lsxexn 1 2009
GXPXL | : S| .04
SXGXPXL - 1 sz s,
' Withiﬁ-(ﬁ:el—l’ls (Erfc:;r) >->. - 2()3 . - 581 '

—

[ T

L3 W
3

?Significantét or beyond the 05 level,

s  5"_*._YTab‘1éiix5;_;f, S
Mean Posttest Scores as a Function of Lesson and Grade

... .. . __.- Treatment - . M
_Grade = -7 No Lesson - - Lésson —

539 6,52 . 5.96
: SRR

iz o
1]
w
.
Iz :
Tl
wn
e
(s
]

=

1]

Ly

]

I=

i )
e
Iz ~
1]

o

[Xn]




«\)

ERIC

B A i70x Provided by ERic:

null hypotheses held so that the lesson effect
was removed next, followed by the pretest
effect and interactions. An examination of.
correlations of the estimated effécts in the
full .model suggests that ad;u;tmEnts resulting

from réardarlng would be minimal unless the

lesson by pretest interaction is non-zero.

-The results of the analysis are shown in.

Table 4. A significant difference was noted
petween students who received lessons and

those who did not.” Mean posttest scores as

a function of lesson and grade are presented
in Table 5. The mean score for students who -
received no lesson was 6,00, while the mean
score for those who received a lesson was’
7.26, A 95 percent confidence interval esti-
mate of the difference in posttest scores indi-
cates that studymg the lesson increased the
mean score by at least 0,69 points.

The effect of grade on posttest scores
was also significant. The means shown in
Table 5 reveal that fourth graders attained a
mean score of only 5.96, whil€ sixth graders .
had a mean score of 7.31. A 95 percent confi-
dence interval estimate shows that sixth graders
scores were at least . 8] points h;ghér than .
thc:se of fourth graders.

Table 6

Retention

The means and standard deviations of
retention scores are presented in Table 6, and
the analysis of variance of these scores is
shown in Table 7. The pattern of results is
similar to that for posttest scores, with signi-
ficant differences due to lésson and grade level,

" Mean retention scores by lesson and grade ap-

pear.in Table 8. The mean score for students
who did net study the biedegradable lesson.
was 5.55; for students who studied the lesson,
the mean was 6.25. Thus, even after a three-
month retention interval, perfcrmancé was sig-
mfu:antly higher as a result of the lessan,

The mean retentjon score for fourth graders
was 5,31, while that for sixth graders was

- 6.50, indicating a maintenance of the advan-

tage shown by sixth graders on the posttest,
Comparison of Tables 5 and 8 gives some
indication of the amount of forgetting aver the
three-month interval. The mean posttest score
for students wht: received the lesson was 7, 26,
and the mean retention score was 6,25=—3a loss
of 1.0l, An analysis of variance of "loss"
(posttest minus retention) scores confirmed
thatthere was a statistically significant (p < .0001)

Méeans and Standard Deviations of Retention Scores as

Functions of Lesson,

Pretest, Grade, and Sex

o Treatment I
_ No Lesson Lessan .
_Grade _ Sex No Pretest _ Pretest _ No Pretest - Pretest
Male 4,69 5.30 . 5.77 . 6.00
(2.41) (2,71) (1.88) - (2.57)
1 N=16 N =10 N=13 N =11
Female 4,83 5.25 594 . - 4.88
’ (1.95) (2.38) (2.64) (2.13)
N=12 N =16 N =16 N =16
Male - 5.59° 7.23 6,87 6.77
(2.69) (2.62) {2.07) (3.03)
6 N=17 N =13 N =15 N=13
Female - 608 5,62 6,58 7,43
’ ' (1;88 (1.89) (2.68) (1.99)
N = 12/ N=13 N=12 N =14

Note,—Standard deviatie::ns aré given in

parentheses.
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Table 7
Analysis of Variance of Retention Scores

=
=
(]
I”’Tl.
i

Source df

Sex (8) A i 2.36 <1 .5
Grade (G) '

ot
[l ~%
[e:a] L3
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[ S o]
[ 1G5
! —
[T T
Lo i
Tl L]
= e} paw ]
I ] (3%
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—
[
[«a]
L]
M
=

Pratest {P)
SXG ] .
XL 1 .01 .= f-.96

=
far}
e
M
—
Ly
L

GXL 1 .65 o< .73
SXGXL o 1 5.39 <1 .33
LXP 1 6.23 1.11 .29
sXp . 1 _ 6.90 1.23 ; .27

M,
It
whsn

]

GXP 1 2.92
SXGXP 1 12
SXPXL 1 2,91
GXPXL 1 -
SXGXPXL ' 1 S 1441 2.56 11
Within Cells (Error) 203 5.63

Mo
[
i [l
~1 oo

.56

[
w\
o=
M
i

]

*

*Significant at or beyond the .05 level.

Table 8
Mean Retention Scores as a Function of Lesson and Grade

___Treatment _
Crade ] No.Lesson Lesson

M

' 5,00 . 5,61 5.31
N =54 N =56 N =110

o

[ia]

3 6.50

=

.09 .

Iz oo
(]

[yl

i

Iz o
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(%]

it

=z

I}
o

]

L]

‘M 5.55 6. 25 5,90
N'=109 N=110 N = 219
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'Lessan; L -

/*Significant at or beyénd the .05 level,

. Table 9 :
Means and Standard Deviations of Pretest Scores as
Functions of Grade, Sex, and Lesson

— __Treatment
Grude Sex ' No Lesson -~ Lesson M

e

.00 _ 5.09
54) (1.81)

e~

_
Za

‘ b
el

i
[ENEa ]

i
]
—
]
I}
[
-

Female

HZ — i

—
1]
 —
Day!
iz
W
ot
W

M

| 1=
i
LWy
]

i .92
0} (3,04)

wrn

=
I
s
Lo

=
1
—
Wt

T
~J
—

Female . 5,7

—
T
»

[N ]
Lad
fu

| iz
i
~
L
(=4
1]
—

6.19

e
[}
[%y]
(%]

M 5.71 5,65 5.68

N=52 C N=54 N =106

Note. — Standard deviations are given in parentheses.,

_ Table'10 ‘ ‘
Analysis of Variance of Pretest Scores

'Source cdf - Ms £ px

sex (8) o RS R Tt
Grade (G) - ' ' 2

—
]
Dn ]
.
—
i
.
L
]
]

—
it
—
—_
Jocnl
[N

sxa S T -
SXL - S 26 <1 g3
GXL - ' 1 ~ 3.54 <1 .41

SXGXL S | 7.62 S 1.46 . 23

Within Cells (Error) 98 6.39
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Tablé 11 ) :
Méang and Standard Dématmns of Gam SCDI’ES ;
ag Functions of Grade, Sex, _aﬂd Lesson -

= - R Treatment o
Grade gex ~__~ No Lesson - Lesson . M -
Male =20 1.91 ’
‘ (2.82) (2.77)
4 N =10 N =11
Female .19 1425
' (2.07) (2.86)
N=16" N=16
J— . —_— _ L - _
M .04 S 1.52 .79
. N=53
Male 15 .-2,00
(1.77) (2.65)
N =13 N=13
Female 1,15 1,64
(2.44) (2.73)
. S N=13 N=14- |
M .65 1.81 195

N=52"

Noteé: — Standard-deyjations are given in parentheses,’ S

: o . ] Table 12
Analys;s gf Cavanance of Gain Scores Using Fretest
: Sccre as a Gavarlate

e

" Sourge af M8 ki p<
sex (8) 1 .12 <1 .88

 Grade () 1 21.52 4,01 .05%
Lesson (L) 1 44,22 8,23 005+
sXG ':‘ 1 1.23 <1 .63
sXL 1 7.53 1.40 .24 .
GXL 1 07 <1 .91
g§XGXL 1 .72 <1 .71
within Cells (Error) 97 5.37

*significant at or beypnd the ,05 level.
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loss for all groups between the posttest and
retention test, The amount of loss, however,
did not differ as a function of grade.

Pretest

To confirm the initial equivalence of the
no=lesson and lesson groups and to determine
‘whether the basal knowledge levels of the
fourth and sixth graders were the same, com-.
parisons of pretest scores were made, The

* means and standard deviations of pretest

scores as a function of grade, sex, and lesson
are presented in Table 9. The analysis of vari-
ance of these scores is presented in Table 10,

.. -The only significant effect was that due to
- grade, Referring to Table 9, it can be seen :

that the pretest mean was 5.17 for fourth

graders, therefore, had more ‘knowledge con-=

: -‘cerning the concepts prior to studying the
. lessons than did the fourth graders. )

‘The lack of a significant lesson effect

.confirms that the no-lesson and lesson groups

were initially equivalent.

Gain : : o

The analyses of th” posttest and retention

“scores indicated that sixth graders attained

significantly higher scores than fourth graders.
Pretest scores, however, wére also signifi-
cantly higher for sixth graders. An important .
question is whether the higher posttest and -
retention scores of sixth graders were due
solely te initial differences between the grades
or whether the sixth graders also learned more
from the lessons. This question &an be an-

“swered by analysis of "gain® (posttest minus

pretest) scores, _

Means and standard deviations of gain
scores ar: ¢ive,, in Jable 11. An analysis of
covariance wa4 carried out on-the gain scores,
using pretest scorss as the covariates. Results
of the aralysis of covariance appear in Table 12,
There was a significe.: difference between grade
levels in the amount learned from the lessons, -
Examination of the mear gain scores in Table 11
shows that fourth graders gained .79 points;
sixth graders gained 1. 25 points. Thus, sixth
graders not only knew more than fourth graders
about the concepts prior to the lessons, but ~
also learned more from the lessons., The sig~
nificant lesson effect simply confirms that the ,
students learned from the lessons.,

. 2
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Discussion and Conclusions

The primary purpose of this study was to -
determine whether children in the middle ele=
mentary grades would be able to learn abstract
environmental concepts from a short written
lesson. Secondary purposes were to examine
the degree to which a pretest, grade level,
and sex of:the student influenced the amount
learned,

) Students who studied the lesggn achieved
significantly higher scores on an immediate

_ posttest and on a three-month retention test,

than students who did not study the lesson.

.Thus, there ig evidence that students were

able to learn from the lessons, and remembered
what they learned three months later. )

On the other hand, the absolute level r::f
performance an th& test was not very high.
The mean score on the posttest for children
who had studied the lesson was only 7.26,
which certainly does not reflect mastery of
the concépts, The mean score on the retention
test was 6.25, only slightly above 50 percent
correct., . It is clear that while children learned
from the lesson, modifications of the lesson or
the instructional approach itself should be
tested in an attempt to enable more children
to attain mastery.

One way to strengthen.the lesson might
be to include instruction on the prerequisite

* goncepts ll\flng thing, nonliving thing, and

product of a living thing. It was noted in the
study that sixth graders made larger gains as,

a result of stuidying the lesson. It is plausible
that these gains were a fum:th:m of greater

previous knowledge of the pI‘EI‘EqulsltE concepts.

A second approach to strengthening the
lesson would be to determine whether there was
a consistent pattern in the errors made on the
test with regard to the concept being tested or
the type of question asked. Af the fourth-grade
level, there were three questions, numhers 1,
4, and 7, on which children who did not study
the lesson'made greater gaing from pretest to

i

prerequisite concepts should be given,

. posttest than children who studied the lesson,

These quéstmxns dealt with recaqmtmn of an
example of bindegradable material (No. 1),
recognition of an irrelevant attribute of the -
biodegradable process (No. 4), and recognition
of an example of the biodegradable process
(No. 7).

At the sixth=grade leval questions 2, 3,
and 5 showed smaller gains for students re-
ceiving the lesson than for students not receiving
the lesson. These questions dealt with recog-
nition of a relevant attribute of the biocdegradable
process .(No. 2), recognition of a nonexample
of biedegradable agent (No. 3), and recognition
of an example of biodegradable agent (No. §),
Given that there is no pattern of item types
missed either within or between grade levels,
no specific deficiency in the lesson can be
identified. The strengthening of‘the lesson,
therefore, should probably be in its gEnEfx‘_\l
approach.

First, as mentioned earlier, instruction in
Second,
the lesson should probably be expanded to a

-series of lessons which provide more examples

‘concepts learned in earlier lessons,

and nonexamples and allow for review of the
The lesson
used in this experiment was completed by the
children in approximately ten minutes—an
extremely brief period of time to learn three
difficult concepts. Third, instruction should
incorporate demonstration and discussion as
well ag printed text, This would clarify the
concepts for children whose reading skills are
not yet well-established, would provide feed-
back to correct misconceptions, and probably
would increase motivation as well, Tinally,
appliéatidn Df tht: éancepté sﬁc’:uld bé stressed
What wc:ul_d h__a_ppen Lf there were no bacteria Ln
garbage? Application of the concepts serves
as a basls for making decislons cencerning
the environment. :

17
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The fact that pretesting did not have a

_significant erfect suggests that pretesting
can be used to individualize instruction with-

out fear that the amount of learning will be
altered by its use., Further, a pretest-posttest
design might be used with greater confidence
in further experimentation comparing various
lessons. This would be desirable, since a
pretest-posttest design requires fewer subjects
than the Selomon Four-Group Design or a
posttest-only design with a control group. -
Both fourth and sixth graders learned from

the lesson, although sixth graders learned

significantly more. The results suggest, how-

..ever, that fourth graders are capable of learning

abstract environmental concepts. In all prob-
ability, a different instructional approach
employing demonstration and discussion would
prove even more effective with children of this
age who have less reading expertise,

~ Finally, no differences were observed be-
tween boys and girls in the amount of previous
knowledgeé concerning the concepts or the
amount learned from the lesson. This supported

18

the hypothesis that the sex of the student would.
not be a significant factor in:learning. The
implication is that boys and girls have roughly
the same amount of incidental or ba:}.graund
knawledge about these concepts and that the
same instructional approach can be used for
both boys and girls,

Cenglusiﬁns

grade 5tudents gamed 1nft:n‘mat1t:l‘l cancez‘nmg
the concepts biodegradable agent, biodegradahle

material, and bmdegradable pracess by studying

a short written lesson, and retained a significant
amount of that informatien for a three- month
period. Sixth graders had greater prior knowl-

" edge concerning-the concepts than fourth gradery,

and also learned more from the lesson, Admin=-
istration of a pretest prior to studying the léssan
did not affect the amount learned, Finally, boys
did not differ from girls either in backgmund

knawlcdge or amount learned,
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Appendix A
Analyses of the Concepts _
Biodegradable Agent, Biodegradable Material,

and Biodegradable Process -
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Relevant ;"\ttri%zutes
1. living thing
Irrelevant Attributes

1. type of living thing—human being,
.animal, OF plant

Examples
1. animal
2. inseoct
b, bird

¢, bacteria

d. squirrel

&, caterpillar

f. moth

g. human being—hay

2. plant

a. mold

Nonexampleas

1. weather
2. breeze
3. scissors

4. warm water

BIODEGRADABLE MATERIAL

Relevant Attributes
1. ecan be separated into simpler parts
by a living thing

Irrelevant Attributes

1. status of material—living or nonliving

2. source of material—plant or animal

Examples
1. living things and products of lwmg

things

2. food
a, cream cheese
b, orange peel
c. hot dog
d. baked pork chop
3. plants and plant products
a, pine cone
b. leaf (e.g., maple leaf)
c. beok
d. newspaper
e. rosebush

Aruitoxt provided by Eic:

BIODEGRADABLE MATERIAL {(cont.)
Nonexamples
1. rubber materials
a, car tire

[
-

plastic materials
a. plastic spoon
b, telephone

3. metal materials
a. tin can

b. razor blade

4, glass materials
pop bottle
window pane
light bulb
peanut butter jar

sand pile

i
«

BIODEGRADABLE PROCESS

Relevant Attributes
1. living thing separates a material

into simpler parts

2. the simpler parts of the matarial
are used by the living thmg for
energy and growth

Irrelevant Attributes
1. type of llvmq thing—animal or plant

status of mati‘fial’—!liviﬂg or nonliving

source of material—plant or aniinal

=" 7S T %

amount of time needed to separate
the material

Examples
1.- human beings eating food
a., boy chewing a hamburger
b. girl eating lunch

2, bacteria making garhage rot
3. log rotting in the woods
4, mold growing on a piece of bread

5. moth eating a woolen coat

Nonexamples
1. grandma cutting bread with a knife

2. baking soda dissolving in hot water

car running over an ice cream cone

3

4, mother slicing a birthday cake
5. ice cube melting in a glass

6

5. sugar dissolving in warm water

i



Appendix B
Lesson on the Concepts
Biodegradable Agent, Biodegradable Material,

and Biodegradable Process
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WORD LIST

Let's look at the word list for this lesson,

Listen while [ say ecach word and then repe at
ecach word with me.

1. biodegradable
2, koala

3. agent

4, ayster

5. eucalyptus

6. simpler

7. material

8. process

9. bhacteria

10, separate
* 11, sloth

12. screech

13. nonbiodegradable
14. stucco

15. energy

16. coyote

17. growth

18, digest

DAD'S NEW WORD

One day Dad said, "Children, [ have a
new word for vou. It is biodegradable,"

“It's what?" asked Steve,

"Biodegradable," Dad said, “This is what
the word looks like," Dad showed them this
card

bmdegr’ad able

"Perhaps if you write the word down it will
help you remember it. Write it down now."

"Look again, children,® saici Dad ”Make
sure you spelled biodegrads:

you any idea what bmdegradable means ?"
Steve said, "I think I've heard the word
hefore but I don't know what it means.”
"It means saparated into simpler parts by
living things,'

Dad explained. "The living
thing that does the separating is called the
biodegradable agent."

"Susan," asked Dad, "ean vou think of
some biodegradable agents 7"

"How about a man or just any animal?"
asked Susan.

"Yes, " said Dad., "All men and other
animals -are agents when they are alive hecause
they can separate materials into simpler parts.

%)
P

Steve, can you name some agents ?"

“Insects and birds," answered Steve,

"Goad, " saild Dad., "All insects and birds
are agents that = rate materials into simpler
parts. In fact, all animals can be agents, [ven
all the little germs you can't see, like bacleria,
are biodegradable agents, .

Dad went on, "Let's have a contest and

see which one of you can name two .Jl@di‘f}l‘ad able
agents. Write them down now,"

“Did you each think of two agents 7" asked
Dad. "Are you sure that each one is & living
thing that can separate materials into simpler
parts 7 These materials that the agents sepa-
rate are called hiodegradable materials. The
agents use the simpler parts for energy and
growth."

Dad went on, "Can you think of some cxam-
ples of biodegradable materials ?»

"I know," said Steve. "Aren't cream cheese,
orange peels, and hot dogs examples of biode-
gradable materials?" .

"Yes," sald Dad, "They are hecause cach
one can he separated into simpler parts by living
agents and the agent uses the parts for energy
and growth, In fact, all foods are made out of
biodegradable materials, Susan, can you think
of some other eXxamples of bl@dggradable mate=
rials 7"

"Are pine cones, leaves, and my hook
examples of hiodegradable materials?" asked
Susan,

"Yes, they are," answered Dad. "All
piants and things made from plants are. In
fact, all living things and products made from
living things are biodegradable materials. Now,
let's continue with our contest. See if you can
name two examples of biodegradable materials,
Write them down now," o )

"Did you think of.two?" asked Dad. "Look
at your list again, Can each one be used by an
agent for energy and growth? If materials cannot
be used for energy and growth, they are not
biDdegradable matéfials " Dad wEnt on. "Can

matarlals '?"

"I-know," answered Susan, "Car tires,
plastic spoons, and pop bottles cannot be used
by an agent for energy and growth," :

"Right," said Dad. "Things made out of



rubber, plastic, and ¢lass materials cannat he "I hope you remember that the two important

used for energy or growth. Therefore, they are things about the hiodegradable process are:

called nonhiodegradable materials. Steve,

can vou thlm of some other examples of non- 1. that the hiodegradable material is

biodegradable materials?" separated into simpler parts by a living-

[ don't think that tin cans and razor blades thing called an agent, and 7

can he used for energy and growth, can they?"

asked Steve. 2, that the agent uses the simpler parts
"No, they can't,” answered Dad., "There- for energy and growth,

fore, they are not examples of biodegradable '

materials, All metals are nonbiadegradable "Now let's think about a nonblodegradable

materials hecause they cannot he separated . s it a nonbiodegradable process when

into simpler parts and uscd by living things Grandma cuts bread with a knife?"

for energy and growth,” "That's easy," answered Sleve. "The
Then Dad went on, "We have talled about knife cuts the bread and it is not a living thing.

wamples of thdEgradable avents and hiode The knife sure can't use the bread for energy

gradable mat 5. 'Iaqether they are thr:fx or growth!™"
bu:sda;r.id?ble proces The agent semratmg “Right, " said Dad. "Grandma cutting bread
the material into S,meler parts for énergy and with a }kmf; is a nanbmdertmdable process, But
growth is the biodegradahle process." what if Grandma breaks a glass into pieces?

"I think I understand," said Susan. "Eating Grandma is the agent because shc:e ig a living
my luneh is a biodegradable process. [ am a thing."
biodegradable agent, My lunch is made out of "But Grandma cinnot use the pieces of
biodegradable materials, and when I separate *°  glass for food or growth, " explained Susan.
it into simpler parts or digest it, | get energy "Good work," said Dad, "I think you
and help for growing, That is the biodegradable understand the word biodegradable. Rememb-r

process, " these three things:
"That's a good example, Susan," said

Dad, "Eating food is an example of the biode-

gradable process. Now, Steve, can you think

of another example of the jlgdegradablé process 7" living thing.
"Well," answered Steve, "you said that

st
.

The biodegradable agent must be a

bacteria are biodegradable agents. Therefore, 2. The biodegradable material must be

I think bacteria making the garbage rot is an able to he separated into ’impl\éf parts
example of the biodegradable process. The by the agent and used for its energy
bacteria separate the garbage into simpler parts and growth.

that give them energy and help them to grow.," - .

"Great! " exclaimed Dad. "You seem to 3. The biodegradable process is when an
understand what the bicdegradable process is. agent separates these materials into
Let's finish our contest, This time you write simpler parts and uses these parts for
down an example of the biodegradable process. energy and growth,

Write it down r.ow,"
"Now, let's go be hiodegradable agents
/ while we eat our biodegradable hamburgers
for lunch. Let's start the biodegradable process
and get some energy to help us grow.
"After lunch, I will see who won the contest, "
"Look at your answer again, " said Dad. said Dad as they walked into the kitchen.
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Test on the Concepts
Biodegradable Agent, Biodegradable Material,

and Biﬂdeg;adable Process
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MY UNDERSTANDING OF BIODEGRADABLE

An example of a biodegradable material is

a, a window pane

b, a newspaper
¢, a telephone

In the biodegradable process the parts are

a, toasted in an oven
>, pasted back together
c. used for energy and growth

Which is not a biodegradahle agent?

a, weather
b, boy
c. squirrel

‘'he biodegradable process does not

(=]

use living things
always take the same amount of time
happen in nature

]

i

9]

Baecteria are

a, not biodegradable
b. not living things
¢. biodegradable agents

Which is not an example of the biodegrad-
able process?

a. some baking soda dissolving in hot
water

b, a log rotting in the woods

¢. a boy chewing a hamburger

7.

it
[=]
«

11.

12.

An example of the biodegradable process is
a, a car running over an ice ¢ream cone
b. your mother slicing a birthday cake

c. some mold growing on a piece of bread

One biodegradable agent is

I

a. a caterpillar

b. a breeze

C. a pair of scissors

In the biodegradable process, the mate=-
fifl},. i1

a. bhro.on down into simpler parts
b. bLlown away by the wind
c. smashed by a rock

An example of the biodegradable process is

a. an lce cube melting in a glass

b, a moth eating a woolen coat

€. a teaspoon of sugar dissolving in
warm water )

Lo o :BJ‘
— gy T
& &5
T oo
[
=
o

Which material is not biodegradable?

maple leaf
. baked pork chop
¢, peanut}

o0

inut butter jar

2
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Good morning.

I am not sure just what you have been told
ahout why I am here today, so I will try to ex=
plain it to you. I am taking a college course
at the University of Wisconsin on how boys
and girls learn new ideas and acquire informa-
tion. I am trying to find new ways for making
it easier for students to learn science,

This morning [ will be giving you a test,
t, I need to tell yvou some very special
information,

1. Each person in this room is very impor-
tant in my study,

2. You will not receive a grade on this
work. This will be used only to help
other teachers to learn what boys and
girls in the fourth and sixth grades
know about my science lesson.

3. Your classroom teacher will not see
your paper, [ will be the only person
looking at your work.

Now I would like you to take out a penecil.
When you receive your first test, fill in the
front page,; but do not open your booklet.

Now turn to the first page and listen while
I read the directions.

When you finish, place your pencil on
your desk and turn your booklet over.

Ready? Turn the page and you may begin,

This afternoon, I will be giving you a
lesson on science to study by vourself., At

EPD H20=037-32

the end of this lesson, vou will again be given
another test to see how much vou have learned.

Since [ am trying out different ideas, the
lessons are not the same.

. When vou are reading my lesson you may
see either a single line or a series of lines on
the paper, That means vou are to fill in the
line or lines with your answer.

Once vou begin reading the lesson, [ will
only he able to answer questions ahout words
you do not know,

After yf;u have received the lés,;r;m, fill

If you anlSh bai@re your «:la;gmate:‘; you
may wish to tell me what vou liked about the
story you have read, or else draw a picture
of something vou have read akout in the lesson.

Now turn the page and listen while I
read the directions.

Turn the page and you may begin,

structions for the Posttest

j©

General Ins

This is the last part of my oroject.

Remember, when [ give vou this last test,
you will not receive a grade, and I will he the
only person to see your papar.

Aftéf you have received your test booklet,
fill in the front cover, but do not turn the
page.

Now turn the page and listen carefully
while I read the directions.

Turn the page and begin,

[Collect booklets]

I would like to thank you for vour coopera-
tion. I hope to see all of you again sometime.
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