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PREFACE

This report presents data and interpretations of data relevant to

classroom trials of ME NOW, a life sciences program for the educable

mentally handicapped prepared by the Biological Sciences Curriculum

Study.

A vote of thanks is extended to Dr. James T. Robinson who

assisted in preparation of Chapter I and the initial part of Chapter II

and to Roy 0. Gromme and Harold A. Rupert, whose comments and sugges-

tions have been very helpful in the preparation of this report.

The completeness of the data reflects the dedication to the pro-

ject of teachers in the experimental and control groups. The inter-

pretations of the data are the sole responsibility of the project

evaluators.

Richard R. Tolman
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CHAPTER I

ME NOW, A LIFE SCIENCE PROGRAM
FOR THE EDUCABLE MENTALLY HANDICAPPED

Introduction

This report presents deta and interpretations of data that describe

the results of classroom trials of the BSCS Life Sciences for the Educable

Mentally Handicapped, Intermediate Grades Program, developed with funds

from the U. S. Office of Education, Bureau of Education for the Handi-

capped. Detailed description of the instructional materials, the

curriculum rationale, and other facets of the project have been described

in rscs Newsletters 36, 38, 43 and 46. Copies cf the Teacher's Guide

are available from Hubbard Scientific Company.

Classroom trials of Unit I, Digestion and Circulation, were con-

ducted in the spring of 1970. The formative evaluation of these materials

has been briefly reported by the Biological Sciences Curriculum Study.
1,2

This report describes the formative evaluation of the classroom

trials of Units I, II, III, and IV conducted during the school year

1970-71. The Unit I Teacher's Guide was revised for this evaluation

study and revised data collection instruments were developed. Revisions

1
Richard R. Tolman and James T. Robinson. "Formative Evaluation of Unit

I, Digestion and Circulation." BSCS Newsletter 43:7, 21 (April), 1971.

2
James T. Robinson and Richard R. Tolman. A Formative Evaluation of

ME NOW Unit I, Digestion and Circulation. Boulder: Biological
Sciences Curriculum Study, September 1970, 97 pp. (ED 043182)



were based upon recommendations suggested by Robinson and Tolman. Units

II, III, and IV were developed in the summer of 1970 and were tried in

classrooms for the first time in 1970-71.

The completeness of the data reflects the cooperation of the experi-

mental and control group teachers and the extera cs of Harold A.

Rupert, Jr., and Roy Gramme, BSCS Staff Consultants, in visiting classes

and working directly with the trial teachers. The interpretations of

data are the sole responsibility of evaluation staff.

The Curriculum

Tie materials of the ME NOW program consist of a Teacher's Guide

that presents suggested teaching strategies and all of the associated

materials needed by teachers and pupils. There is no student text as

the program relies heavily on activities supported by a variety of

instructional materials. These include 35mm daylight projection slides,

individual pupil worksheets, charts, models, films, laboratory equipment

and evaluation instruments.

The initial field-test materials were designed and structured to

conform to a particular philosophy, a set of general objectives, and

some basic assumptions. The validity of all of these is questionable

to some degree, simply because of the limited knowledge available

regarding special education curriculum cons'xuction and because of

the unsolved problems facing all educational endeavors--especially

those in special education. Among these problems are:

--the variability of the population described as mentally

handicapped.
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--the limitations of instruments and judgments used to assign

pupas EMH classes.

--tL.?. of low teacher expectations (and low pupil self-

image).

--the lack of existing guidelines or exemplars of effective

materials for curriculum design for this population.

--the complexities of conceptual frameworks in science as they

are represented by the discipline.

--disagreement among curriculum workers concerning the use and value

of behavioral objectives.

--lack of consistency among evaluation models.

--limited teacher knowledge of science and experience with science

materials and procedures.

In spite of these problems, the BSCS staff proposed to establish and

to work within a "reasonable" framework of hypotheses regarding what is

possible to achieve, and to modify this as experience dictates. This

framework is contained in the philosophy and general objectives estab-

lished for the project.

Philosophy of the Program

All children are entitled to equal opportunities for self-development

to the fullest extent of their individual physical, mental and emotional

capacities. Because children with mental handicaps do not have the same

ability to-adjust and to learn effectively in the usual classroom as do

so-called normal children, they should be provided with instructional

programs specifically designed for their needs and abilities. Meeting
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those needs--and determining those abilities--requires the provision for

learning experiences that make it possible for handicapped children to

achieve both mastery of useful concepts and a senFl of personal satis-

faction with the learning experience.

Throughout the program, students should confront real phenomena in

such ways that their curiosity is aroused and the desire to investigate

further is encouraged. It is not always feasible, however, to allow each

student full freedom to discover knowledge for himself. There are prob-

lems of classroom management to gain the fullest opportunity for every

child. These materials, therefore, were structured to provide the stimulus

to curiosity and then to guide students through inquiring kinds of activi-

ties; such as observing, describing, identifying, comparing, associating,

inferring, applying and predicting.

The application of inquiry methodology to the learning activities of

EMIR students is still largely based on intuition. However, preliminary

observations of the strategies proposed in this project seem to indicate

that students are, in general, highly motivated and that learning does

occur. Until sufficient evaluation data are obtained, prejudging the

extent or limits of the student's ability to learn through inquiry is to

be avoided. The student should be given the opportunity to perform in

these modes to the highest level of effectiveness he can attain.

Two hierarchies are presumed to exist in the materials. One per-

tains to a level of cognitive difficulty and the other to a logic for

the sequencing of content elements.

The staff and committees have considered and accepted, for this

curriculum effort, one hypothesis with respect to the relationships

between inquiring behaviors (or performance objectives) and cognitive

difficulty. This hypothesis is expressed in Figure 1.
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4 Predicting
Applicational

Applying Highest

3 Relational Inferring
Associating

2 Conceptual Comparing
Identifying

1 Perceptual Describing
Observing Lowest

Figure 1. Presumed Levels of Cognitive Difficulty

Although performance objectives and classroom behavior may range

across the four levels of difficulty without overt limitation, it is

assumed that the EMH child will profit from a design that proceeds--

where possible--from simple to complex, from concrete to abstract, from

external to internal, from what is familar to what is unfamiliar. How-

ever, depending on the nature of the content, a child may, for example,

be expected to associate ideas or objects that are familiar to him

without first describia them.

It is also assumed that the child should be allowed to study single

elements of a system before being asked to consider interactions of

those elements. Similarly, a child might be expected to focus on the

functions of an element before he is expected to associate a name with

those functions.

Until decisive data to the contrary are obtained, it is assumed

that the EMH child is able to perform effectively across the four

levels of complexity, but within a reasonable range of difficulty

commensurate with a high percentage of individual motivation and success.
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Performance Objectives

A major commitment of this project is to specify performance

objectives for the EMH pupil population and to design activities

through which these objectives are to be attained. The specification

of objectives is influenced least by biology, and most by the EMH

pupil population. Biology is a source of information about life and

a source of understanding of the methods by which this information

is obtained. But there are perceptual, emotional and other learning

difficulties as well as practical considerations for the welfare of

these children in a competitive and often indifferent society. A

reasonable mix of these considerations was sought in order to provide

a useful, meaningful and effective curriculum in life science for

the educable mentally handicapped. The content is not to be pursued

to a depth greater than the ability or need of these children to absorb

it. Nor will these students be involved in intellectual operations

beyond their abilities to perform. These limits are not readily identi-

fiable and both optimism and restraint must be applied to the development

of reasonable hypotheses in this regard.

The selection and statement of performance objectives for this program

represent an effort to specify (1) those content elements that represent a

reasonably complete picture of structure-function relationships, (2)

cognitive and psychomotor operations the student will perform during.

instruction; and (3) what the student will know, or be able to do on

his own when an activity sequence is completed. Individually and

collectively, these three factors represent the bases upon which the

effectiveness of the materials and the instruction on the learning of

the child should be evaluated.
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The model for inquiry used in these materials demands that the focus

of classroom activity be on the student with materials and activities.

The teacher functions as a catalyst in generating pupil responses in the

learning situation. The response desired may be attitudinal, cognitive

or psychomotor, verbal or non-verbal. The teacher's behavior also falls

in these same categories, but with an important difference: The teacher

must be totally conscious of her role as stimulant while the student is

generally unaware that he is being manipulated by strategy.

To communicate maximally with the novice teacher, or the experienced

teacher who is willing to be led through a structured program, as much as

possible of the pattern of interaction upon which the anticipated results

depend is carefully described. Teachers often fail to allow children the

opportunity or the time to think for themselves when a problem is posed.

They also frequently impose their observations and interpretations on

children rather than allow the children to express their own views of

things observed. Therefore, teachers are provided a model of strategy

in these materials that will - -if initially studied and used--demonstrate

the benefits we describe for it in terms of pupil response behavior.

All that will occur with individual students in the classroom cannot

be predicted, but enough reminders are provided to teachers to enable

them to deal with unexpected or unpredicted events in the same mode in

which the materials are written.

General Objectives

1. To help the child develop interests, skills, and positive

attitudes through experiences with science and biological

concepts.
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2. To provide the child with challenging intellectual activity

at a level commensurate with his ability to respond effectively.

3. To aid the child in establishing acceptable and functional

modes of living through heightened powt.rs of observation, a

well-developed curiosity, a good measure of self-confidence,

and a sense of responsibility to and for his environment.

4. To contribute to the development in the child of a high

level of social maturity and emotional stability that can

lead to increased vocational proficiency, realistic self-

concept, creative self-expression, and more effective

assimilation into the community.

5. To develop in the child a knowledge of himself in relation

to his environment, as well as a tendency to apply this

knowledge to the tasks of everyday living.

6. To contribute to increased knowledge about the learning

characteristics and limitations of the educable mentally

handicapped pupil, and about effective strategies for

instruction.

7. To assist the teacher in developing a classroom atmosphere

and instructional modes most conducive to the attainment

of these objectives.

To further narrow the range of possible development strategies, a

set of tentative assumptions that would serve as criteria for curriculum

design was prepared. Whether factual or not, these assumptions were

considered acceptable by the committees of teachers and specialists who

have been instrumental in reviewing and testing the materials.
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Basic Assumptions Underlying the Design
of the Curriculum Materials

1. Most teachers of the educable mentally handicapped will nee(

specific direction in the use of inquiry strategies in the

teaching of science concepts.

2. EMH children need and can respond effectively to an activity-

centered instructional approach.

3. To achieve the objectives, materials should maintain a 1141,7nce

between detail and motivation, for the amount of minute and

Abstract detail that can be learned is probably a function

of the interest and motivation that can be established to

deal with it.

4. The classroom environment and the materials should be uncluttered

with distractors; however, a variety of perceptual modes and

instructional media should be used in all efforts at communica-

tion (e.g., sight, touch, smell, etc.).

5. An activity must involve the student in ways of applying the

desired behavior; transfer, cannot be assumed.

6. Activities should be developed in small, discrete unite: that

build on or reinforce a concept or skill.

7. Entry points should be concerned with concrete, tangible

"things" rather than with abstract, intangible ideas or

concepts.

8. Ideas must be developed without the necessity for reading

on the part of the student.

9. Vocabulary, where possible, should involve functional language

rather than technical terms.
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10. For the EMH student to learn, the instructional approach

must be slow-paced and redundant, and there must be time for

participation by each stWent.

11. Efforts to describe the "average" EMH child are essentially

futile because of variability within the population; therefore,

materials and methods should allow for attention to individual'

differences and needs.

Policy committees, working within the constraints of the program

philosophy, general objectives, and assumptions, prescribed an initial

focus on the following content areas:

Part I: ME NOW, Structure and Function

Unit I, Digestion and Circulation
Unit II, Respiration and Excretion
Unit III, Movement, Support, and Sensory Mechanisms
Unit IV, Growth and Development

Later units are to explore a variety of environmental and ecological

concepts. This report presents the results of the classroom trials of

the four units listed above.

Design of the Formative Evaluation

The design for classroom testing of the four units of study proposed

in a summer writing conference (1970) is presented in Table 1. This

design followed that used in the initial study of the efficacy of Unit I,
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as described by Robinson and Tolman.
3

The design is an adaptation of the

formative evaluation model proposed by Stake.
4

The design presented in Table 1 included as many recommended changes

as were possible within funding limits. Unfortunately, the funds recom-

mended for observation and data gathering of teacher-student transactions

were again eliminated from the budget.

Support for providing 16 classes with the experimental materials

precluded any significant prospect for random selection of trial class-

rooms. In addition, there were several important considerations for

selection of specific classes at the current stage in the development

of the curriculum materials:

1. representation of youngsters in cities, suburbs, and rural

environmalts;

2. location near universities with active faculty interest in

improving instruction for the educable mentally handicapped;

3. clustering at least two classrooms in close geographic prox-

imity to reduce costs of staff visitation and to permit

rapid exchange of shared materials.

Sixteen experimental and sixteen control classes were selected for

the 1970-71 formative evaluation study. Experimental group teachers

administered pretests prior to instruction for each unit and posttests

after the instruction for each unit was completed. Pretesting for Unit I,

3lbid.

4
Robert E. Stake. "The Countenance of Educational Evaluation."
Teachers College Record 68:523-540 (April), 1967.



in both experimental and control classes, was conducted in the first

week of November, 1970. As experimental group teachers proceeded at

their own rates, test administration after the first pretest varied

considerably.
5

Control groups administered pretesting and posttesting

on a regular schedule. 6
A parallel form test design was used, as shown

in Table 2.

Table 2. Data Collection Program for Each of
Four Units of the ME NOW Program

15

Group Pretest Treatment Posttest Other Data

Experimental

16 classes

166 students

8 classes

Form A

BSCS ME NOW,

Unit I, II, III,
or IV

Teacher report
forms

8 classes

Form B

Student char-
acteristics

Teacher
report form

Classroom
visits by
BSCS staff

8 classes

Form B

8 classes

Form A

Control

16 classes

168 students

8 classes

Form A

Regular
curriculum

No reports

8 classes

Form B

Student char-
acteristics

8 classes

Form B

8 classes

Form A

Experimental Classes

One classroom in Boulder, Colorado, was selected for trial use of

the ME NOW Program to provide easy access to the development staff and

5
This variation will be considered with the discussion of each unit.

6
See Appendix I.
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to the many U. S. and foreign visitors who visit the Biological Sciences

Curriculum Study. Three additional Colorado classrooms, two in the

Denver area and one in Pueblo, were selected to provide for a diversity

of classroom conditions within driving distances of the BSCS offices.

The two Denver area classrooms were also convenient Jr visitation and

research participation by graduate students from the University of

Denver.

Two classrooms were selected in Des Moines because of the interest

of the Division of Special Education of the Iowa State Department of

Education, and the desirability of testing in the Midwest.

The remaining ten classes were all located near universities with

active interests in special education and, in several instances, in close

proximity to special education Instructional Materials Centers. These

locations, with two classrooms each, were: Eugene, Oregon; Salt Lake City,

Utah; Las Vegas, Nevada; North Worchester County, Massachusetts; and

Pinellas County, Florida.

The sixteen experimental classes, distributed across the United

States, were located in pairs to reduce staff travel costs, and were

generally near cooperative universities where preservice and inservice

special education students could easily visit and they were located in

different sized communities and within different areas of those

communities.
7

Control Classes

Control group classes were selected for geographic distribution

7
See pages 14-19 for a description of the schools and student populations.
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and ease of arrangements. The schools conducting these classes agreed

to adhere to a strict schedule for administering pretests and posttests.

Control classes were located in Alton and Wood River, Illinois; Fort

Worth, Texas; Pittsburgh and Huntington, Pennsylvania; Des Moines, Iowa;

Clearwater and Tampa, Florida; Aurora, Arvada, and Wheat Ridge, Colorado;

and Lancaster, California.
8

The Student Group in the EI,Iluation Study

Intermediate grade youngsters in special education classes are

generlily characterized as being 11- to 13-year-olds who have exhibited

evidence of learning difficulties in regular school classes and who

have scored from 50 to 80 on individually administered intelligence

tests. Background data for classes using the BSCS ME NOW curriculum

(experimental group) and for classes using their regular curriculum

(control group) were gathered during the last week of October, 1970.

One hundred and eighty students were enrolled in 16 experimental classes

and 187 students enrolled in 16 control classes. Complete data--background,

Unit I pretests scores and Unit I posttest scores, were secured for 166

(92%) of the experimental group. The remaining eight percent are not

included due to the transferring out of the class ox school while others

failed to take either the pretest or posttest. Teachers administered

both pretests and posttests to students who were absent from class on the

day of testing if the student was available for testing within three or

four days.

8lbid.
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The experimental and control groups, r'escribed below, are the groups

whose progress will be reported in each section of the report. Only when

the groups for a particular unit of study differ markedly from the initial

groups will further discussion be presented. This does not mean that

exactly the same students are included in the student population for each

unit of study.

The experimental group ranged in age from 78 to 193 months with

a mean of 144.60 months, as shown in Table 3. A total of 21 students

were older than 13 years and 12 were younger than 11. Only 2 students

in the experimental group had measured IQ scores
9

of under 50, but 21

had scores above 80. The :wean total IQ for the experimental group was

71.84.

Ethnically, 77.1 percent of the experimental group students were

whites, 12.1 e,:cent were blacks, and 10.8 percent were Spanish-Americans.

Teacher-rankings of reading achievement place 11.4 1,ercent at the

readiness level, 21.7 percent at first grade level, 28.9 percent at

second grade level, 21.1 percent at third grade level, 12.7 percent at

fourth grade level, and 4.2 percent at fifth grade level.
10

Students also were ranked on a low to high scale of 1 to 5 according

to the teachers' estimates of their verbal participation: non-verbal

being ranked 1; average, 3; and very verbal, 5. Rankings were 7.8

percent, 1; 21.1 percent, 2; 28.3 percent, 3; 25.3 percent, 4; and

17.5 percent, 5.

9
WISC total IQ score.

10
See Appendix 2 for instruction to teachers and the data form for
securing background data.



T
a
b
l
e
 
3
.

U
n
i
t
 
I
.

E
x
p
e
r
i
m
e
n
t
a
l
 
G
r
o
u
p
,
 
S
t
u
d
e
n
t
 
B
a
c
k
g
r
o
u
n
d
 
I
n
f
o
r
m
a
t
i
o
n

A
e
 
i
n
 
M
o
n
t
h
s

W
I
S
C
)

R
a
c
e
2

R
e
a
d
i
n
g

3
A
c
h
i
e
v
e
m
e
n
t

V
e
r
b
a
l

4
P
a
r
t
i
c
i
 
a
t
i
o
n

T
e
a
c
h
e
s

N
M

S
R
a
n
e
e

O
v
e
r

1
3
 
.
r
s

U
n
d
e
r

1
1

r
s

o
M

M
S

R
a
n
e
e

c
M

0
,
r

8
0

U
n
d
e
r

S
O

1
2

3
R

1
2

3
4

S
1

2
3

4
5

F
o
r
m
 
A
l

1
5

1
3
6
.
8
0

9
.
4
2

1
2
6
-
1
4
9

0
0

4
.
2
1

6
5
.
4
0

9
.
5
6
5
4
-
8
0

4
.
2
7

0
0

3
2

0
1

2
1

1
0

0
0

1
4

0
0

2
2

1
3

1
2
7
.
4
6

8
.
1
3

1
1
3
-
1
4
0

0
5

2
.
5
6

7
4
.
1
5

7
.
6
3

6
2
-
8
4

2
.
1
1

3
0

6
3

4
0

3
7

3
0

0
0

6
3

2
0

2
3

1
2

1
4
0
.
3
3

1
2
.
0
7

1
2
1
-
1
6
2

0
2

3
.
4
8

7
3
.
5
8

1
0
.
7
2

:
,
1
-
8
8

3
.
1
0

2
0

1
2

0
0

0
3

1
1

6
1

0
0

8
1

3
2
4

1
0

1
3
3
.
9
0

7
.
9
6

1
2
0
-
1
4
3

0
2

2
.
5
2

6
9
.
2
0

9
.
8
4

5
4
-
8
3

3
.
1
1

1
0

7
1

2
3

3
4

0
0

0
1

1
0

5
3

2
5

1
1

1
4
8
.
1
8

1
4
.
9
9

1
2
0
-
1
6
7

2
1

4
.
5
2

7
8
.
0
0

1
2
.
3
8

6
2
-
9
6

3
.
7
3

S
0

1
1

0
0

3
3

2
1

1
1

3
3

1
2

2
6

1
0

1
4
1
.
8
0

6
.
5
6

1
3
2
-
1
5
2

0
0

2
.
0
8

7
6
.
9
0

8
.
8
0

6
4
-
9
1

2
.
7
8

3
0

2
8

0
0

1
6

2
1

0
1

6
1

2
0 -
-
H

4

2
7

1
0

1
3
7
.
8
0

2
5
.
3
1

7
8
-
1
7
0

2
1

8
.
0
0

7
2
.
3
0

7
.
3
6

5
7
-
8
1

2
.
3
3

1
0

1
0

0
0

1
1

1
1

3
3

1
1

2
2

2
8

8
1
5
3
.
8
8

9
.
4
0

1
3
6
-
1
6
6

1
0

3
.
3
2

7
3
.
1
3

8
.
0
8

6
0
-
8
4

2
.
8
6

2
0

8
0

0
0

3
4

1
0

0
0

0
2

4
2

A
i
l
 
A

7
9

1
3
9
.
5
1

1
4
.
8
3

7
8
-
1
7
0

5
1
1

1
.
6
7

7
3
.
4
3

9
.
6
4

5
1
-
9
6

1
.
0
8

1
7

0
5
9

1
4

6
8

1
9

2
6

1
0

1
1

5
6

2
0

1
7

1
7

1
4

F
o
r
m
 
B
1

3
1

6
1
5
1
.
3
3

8
.
2
1

1
3
8
-
1
5
9

0
0

3
.
3
5

6
9
.
6
7

1
3
.
5
6

5
2
-
8
7

5
.
5
4

1
0

6
0

0
1

2
2

0
1

0
1

1
2

2
0

3
2

1
1

1
3
1
.
5
5

9
.
2
1

1
1
2
-
1
4
5

0
1

2
.
7
8

6
9
.
8
2

7
.
8
8

4
9
-
7
7

2
.
3
8

0
1

1
1

0
0

7
2

2
0

0
0

1
0

4
6

0
3
3

1
0

1
6
2
.
6
0

1
6
.
0
8

1
4
4
-
1
8
6

4
0

5
.
0
9

6
9
.
0
0

7
.
1
5

5
5
-
7
6

2
.
2
6

0
0

1
0

0
0

0
0

2
8

0
0

3
1

5
1

0
3
4

1
0

1
6
6
.
5
0

1
4
.
6
8

1
4
6
-
1
9
3

5
0

4
.
6
4

7
2
.
2
0

5
.
9
0

6
4
-
8
1

1
.
8
7

1
0

7
0

3
1

0
6

2
1

0
0

0
7

2
1

3
5

1
0

1
4
2
.
4
0

6
.
5
0

1
3
3
-
1
5
4

0
0

2
.
0
6

6
6
.
6
0

8
.
7
1

5
1
-
7
6

2
.
7
5

0
0

4
6

0
0

6
0

4
0

0
0

3
1

3
3

3
6

1
1

1
6
4
.
3
6

1
0
.
1
9

1
4
6
-
1
7
5

7
0

3
.
0
7

7
2
.
7
3

3
.
1
0

6
9
-
7
9

0
.
9
4

0
0

1
1

0
0

0
1

2
2

5
1

1
3

1
1

5
3
7

1
5

1
3
9
.
9
3

6
.
8
5

1
3
2
-
1
5
6

0
0

1
.
7
7

7
4
.
1
3

7
.
3
6

5
9
-
8
5

1
.
9
0

1
0

1
5

0
0

0
4

3
7

1
0

0
2

4
8

1
3
8

1
4

1
4
3
.
2
1

6
.
7
8

1
3
4
-
1
5
3

0
0

1
.
8
1

6
7
.
7
1

1
0
.
9
6

4
4
-
8
2

2
.
9
3

1
1

5
0

9
2

2
5

2
2

1
1

S
6

2
0

A
l
l
 
B

8
7

1
4
9
.
2
2

1
5
.
6
8

1
1
2
-
1
9
3

l
b

1
1
.
6
8

7
0
.
3
9

8
.
3
4

4
4
-
8
7

0
.
8
9

4
2

6
9

6
1
2

1
1

1
7

2
2

2
5

1
0

2
7

1
5

3
0

2
5

1
0

A
l
l

1
6
6

1
4
4
.
6
0

1
5
.
9
9

7
8
-
1
9
3

2
1

1
2

1
.
2
4

7
1
.
8
4

9
.
0
8

4
4
-
9
6

0
.
7
1

2
1

2
1
2
8

2
0

1
8

1
9

3
b

4
8

3
5

2
1

7
1
3

3
5

4
7

4
2

2
4

B
o
 
s

1
1
2

1
4
6
.
1
3

1
7
.
2
1

7
8
-
1
9
3

1
7

6
1
.
6
3

7
2
.
8
8

8
.
8
9

5
1
-
9
6

0
.
8
4

1
5

0
8
4

1
5

1
3

1
2

2
7

3
2

2
7

1
0

4
7

1
9

3
9

3
1

1
6

G
i
r
l
s

5
4

1
4
1
.
4
3

1
2
.
6
8

1
1
2
-
1
7
3

4
6

1
.
7
3

6
9
.
6
7

9
.
1
8

4
4
-
8
5

1
.
2
5

6
2

4
4

5
5

?
9

1
6

8
1
1

3
6

1
6

8
1
1

1
3

l
i
e
a
c
h
L
r
s
 
a
r
e
 
g
r
o
u
p
e
d
 
b
y
 
t
h
e

p
r
e
t
e
s
t
 
f
o
r
m
 
t
o
 
w
n
i
c
h
 
t
h
e
y
 
w
e
r
e
 
a
s
s
i
g
n
e
d
,
 
i
.
e
.
,
 
F
o
r
m
A
 
t
e
a
c
h
e
r
s
 
a
d
m
i
n
i
s
t
e
r
e
d
 
F
o
r
m
 
A
 
a
s
 
a
 
p
r
e
t
e
s
t
 
a
n
d

F
o
r
m
 
B
 
a
s
 
a
 
p
o
s
t
e
s
t
.

2
w
h
i
t
e
 
=
 
1
,
 
B
l
a
c
k
 
=
 
2
,
 
M
e
x
i
c
a
n
-
A
m
e
r
i
c
a
n

=
 
3
.

3
 
R
=
 
R
e
a
d
i
n
e
s
s
,
 
1
 
=
 
1
s
t
 
g
r
a
d
e
,
 
2
 
=
 
2
n
d
 
g
r
a
d
e
,
 
3
 
=
 
3
r
d
 
g
r
a
d
e
,

4
 
=
 
4
t
h
 
g
r
a
d
e
,
 
5
 
=
 
5
t
h
 
g
r
a
d
e
.

4
 
C
o
n
t
i
n
u
u
m
 
f
r
o
m

1
 
=
 
N
o
n
 
V
e
r
b
a
l
 
t
o
 
5
 
=
 
V
e
r
y
 
V
e
r
b
a
l
.



20

Four of the sixteen experimental classes were composed of students

in urban, Title I target schools in Commerce City and Pueblo, Colorado;

Salt Lake City, Utah; and Eugene, Oregon. Five classes were from low

income, urban areas in Pinellas Park and St. Petersburg, Florida;

Henderson, Nevada; Fitchburg, Massachusetts; and Des Moines, Iowa.

Both Florida classes are located in special schools for handicapped

children. Two classes were from low income, surburban areas in Eugene,

Oregon and Des Moines, Iowa. Five classes were located in middle

income surburban areas in Boulder and Littleton, Colorado; Salt Lake

City, Utah; Lunenburg, Massachusetts; and Las Vegas, Ne 3.

Background data, pretest and posttest scores of the control group

were secured for 168 (90%) of the 187 students (see Table 4). The

control group students were slightly older than the experimental group

with a mean age of 147.85 months and an age range of 116 to 177 months.

Twenty-one students were over 13 years old and 7 were under 11 years

old. Fifteen students had measured IQ scores of over 80, one student

had a score below 50, the mean total IQ was 70.20.

Ethnically, 77.4 percent of the control group students were whites,

19.6 percent were blacks, and 3.0 percent were Spanish-Americans.

Teacher rankings of reading achievement placed 9.5 percent of the

control group at the readiness level, 24.4 percent at first grade level,

28.0 percent at second grade level, 17.9 percent at third grade level,

16.1 percent at fourth grade level, and 4.2 percent at fifth grade level.

Teachers' assessments of verbal participation, on a low to high

scale of 1 to 5, placed 10.1 percent at level 1, 24.4 percent at level

2, 25.6 percent at level 3, 25.6 percent at level 4, and 14.3 percent

at level 5.
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Of the sixteen control group classes, one class in Alton, Illinois

was in a school classified as a Title I target school in an inner-city

ghetto. Two classes were composed of low income, ghetto students from

Fort Worth, Texas and Pittston, Pennsylvania. Five classes of students

were from low income, urban areas in Des Moines, Iowa; Clearwater and

Tampa, Florida; Forth Worth, Texas; and Security, Colorado. Both Florida

classes were located in special schools for handicapped children. One

class was from a low income, surburban area of Des Moines, Iowa. Four

classes were from middle income, suiluiLan areas of Aurora, Arvada (2),

and Wheat Ridge, Colorado. Two classes were from middle income, urban

areas of Wood River, Illinois and Lancaster, California. One class was

from a middle income, rural area of Lancaster, California and one class

was from a low income rural area of Huntington, Pennsylvania.

The data gathered support the interpretation that both the experi-

mental and control groups were members of the population for whom the

materials were designed. Limited financial support for evaluation did

not permit random selections of either experimental or control groups

and, therefore, nothing can be stated regarding the representativeness

of either group in terms of the national 11- to 13-year old EMH

population.



CHAPTER II

EVALUATION OF UNIT I

DIGESTION AND CIRCULATION

The Instructional Program

Instruction for all experimental classes with the revised edition

of Unit I began in November, 1970. One class completed instruction

before the Christmas holidays and last class finished the unit the

last week in February, 1971. The total time in class devoted to ME NOW

during the period ranged from 865 to 3,055 minutes with a mean for the

16 classes of 1,228 minutes (20.5 hours).

The fate of food in "Me" and the distribution of digested food in

"Me Now" is the focus of Unit I. The first activities in Unit I about

food may be extremely easy for the student. This is by design. The

ease with which the student is able to attain success will lead him, we

hope, into an interest in science. A success syndrome may thus be

established in a curriculum content area that has often been neglected

in working with mentally handicapped children.

Food is tangible and concrete -- something we see and touch every

day. Students are introduced to the fate of food by observing and

tasting, and thereby identifying and describing characteristics of food

before it enters the body. Associations with food needs are developed

with student-focused activities. Relationships between food character-

istics and the functions of the teeth, tongue, and mouth parts involve

the students in an examination of chewing and swallowing.

The students develop ideas about the disappearance of food from
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the mouth and establish that there is a tube connecting the mouth to

the stomach. They investigate stomach action by listening to stomach

sounds and by manipulating a stomach model.

To answer the question of the fate of food in the body, the student

must investigate not only the process of digestion, but also the processes

of food distribution and utilization. The distributive function of

blood circulation is examined next. Here again, the obvious and familiar

external evidences of circulation -- heartbeat and pulse -- serve as the

entrance point to instruction. The students infer associations between

heart action and the resultant pulsing of blood as it circulates through

the body. A simplified working model of the circulatory system is con-

structed by the students to illustrate additional functional relation-

ships.

Finally, the process whereby digested food in the intestine passes

through membranes into the blood is demonstrated. Through specifically

designed activities, the students are able to observe the simulated

movement of food in solution through a membrane, and to associate what

they observe with what actually occurs in the body. The process of

food utilization is studied later in Unit III.

It is especially important in this first unit to allow every

student an opportunity to participate in the activities, for it is here

that a high level of interest in scientific investigation may first be

developed.

Effectiveness of Instruction:
Data, Analysis, and Interpretation

The formative evaluation program was designee to secure answers
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to the questions proposed in Table 1. The conclusion reached and the

judgments made in this section of the report are based on the ratings

of the material by teachers participating in the program. This part

of the report is organized according to the eight major objectives of

Unit I. All of the data that relate to each objective are presented

and interpreted within the discussion of the objective. These data and

interpretations are then examined in relation to the questions proposed

in classroom transactions and outcomes, as presented in Table 1.

Item analyses, using the FORTAP program,
11

were prepared for both

experimental and control group pretests and posttests. Item data are

presented immediately following the descriptive data under each objec-

tive.

Objective 100. Students will associate foods with generalized

body needs. Three student activities and other instructional strategies

were designed to develop student competencies to achieve this objective.

As this was introductory to the ME NOW program, the developers assumed

that many students would be able to perform the objective prior to

instruction. The activities were designed to interest and motivate

students and to provide them with success in their first experience

with science learning.

For activities 1 to 3, 31 percent of the teachers reported that

they used the prescribed strategies as described; 63 percent reported

some modifications. All teachers reported that the strategies were

successful. They suggested that the student worksheets for graphing

height and weight, though revised as recommended after the 1970-71

11
Frank B. Baker and T. J. Martin. Fortap: A Fortran Test Analysis
Package. Laboratory of Experimental Design, Wisconsin Research and
Development Center for Cognitive Learning, The University of Wiscon-
sin, March 1, 1968.
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testing, need further revision -- the height chart should be numbered

in inches and the weight chart needs to go beyond 150 pounds and should

be labeled with pounds and ounces.

Interest Pleasure Willingness

100

Percent of
teachers 50

(N=16)

0

Disinterest Displeasure Unwillingness

5u

1 31
19 11 19 19

565

25
19

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 2. Reaction of the majority of students
to activities 1 to 3

5 = high

3 = neutral
1 = low

Figure 2 shows that teachers found student reactions to be

markedly high across three rating scalet.
12

Activities 1 and 2 were

considered to be more important than activity 3, but the general

judgment expressed was that the activities as a group were important

(see Figure 3).

100

Percent 50

0

50
38

13

5 4 3 2 1

II

Percent of
teachers

(N=13)

Important -a-OK-a- Useless

Figure 3. Importance to students of activities 1 to 3

Student performance with respect to objective 100 was assessed by

items on the pretest and posttest and by teacher ratings of student

performance and the importance of the subobjectives of objective 100.14

12
See Appendix II for a copy of the Teacher Feedback Questionnaire.

13
The number of the experimental teachers (N=16) rating each of the eight
subobjectives ranged from 14 to 16. The total percent may exceed or be
less than 100 percent due to rounding error.

14
See Appendix III for a list of objectives and subobjectives.
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Figure 4 shows the proportions of students in the class who were

able to perform the behaviors specified by the eight subobjectives.

Teachers considered the subobjectives for this activity important (Figure

5) and indicated that most students performed the specified behaviors

during instruction.

100

50

0

48

All 3 1 1 ,1 None
v4

Figure 4. Proportion of
students able to perform
on subobjectives of ob-

jective 100

II

Percent of
teachers
(N=15)

100

50

0

6
34

16
3 1

5 4 3 2 1

Important OK Useless

Figure 5. Importance of the
subobjectives

Four item pairs were designed to sample achievement on this

objective.
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OF THES; NOLLD v5L NEL', "0;1,
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Gains were made by both the experimental and control groups on

item pair 1-A, 10-B which was judged to function at the cognitive level

of knowledge (see Table 6). The gain for the control group can be

accounted for by a shift, in Form A, from selecting boots, and by a

shift, in Form B, from selecting music. The gloves in item 10-B

registered a slight gain. The biserial correlations showed significant
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Table 6. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bNABCDM*

Percent of N Percent of N0*NABCDMO Pre Post

Experi-
mental

A-1

B-10
79

87

20

47

5

3

41

5

33

45

1

0

0

0

87

79

1

62

9

0

43
1

47

37

0

0

0

0

.13

.31

.32

.65

Control
A-1
B-10

80

18
10

73

11

1

31

0

48
26

0

0

0

0

88

80

2

63

8

1

25

1

65

35

0

0

0

0

.57

.62

.37

.40

*M represents multiple responses that included the correct response;
0 represents omissions; underlined percentages indicate correct response.

Table 7. Pretest to Posttest Changes*
(The response choice for A-1 is cited first.)

Item Pair A-1, B-10 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D A D+A A B A+B B D B+D C C C+C
Experi-

mental

Control

+14 +15

+17 -10

+14 -19

-8

-3

0

-10

-3

+4

-3

-8

+9

+2

-6

-4

+1

0

-1

*This table will be included for every item pair and should be read
as, for example, 14 percent more of the experimental group selected
response D in item A-1 on the posttest as compared to the pretest.

improvement from pretest to posttest in the experimental group. After

instruction, 43 percent of the experimental group students selected

response C, the chair, in Form A and 37 percent selected response D,

the gloves, in Form B. The small control group gain can be attributed

to a loss in selecting music on the posttest.

The artwork on item response C, Form A, should be revised to

appear more like the chair in Form B. Also, the gloves in item response

D, Form B, should be modified to look more like space gloves. Teachers

suggested that the hamburger, choice D in item 1-A, could be improved.
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21-A rC4

Item pail. 21-A, 1-B was judged to function at the cognitive level

of knowledge and to provide data to be grouped with baseline items to

provide a profile of entry-level behaviors for a class group. Base-

line data items are considered to be useful for establishing a point of

reference for individuals and groups but to be of less value in providing

information on the achievement of students as a result of the instruction

program.

Although a net gain of four percent (see Table 9) was achieved by

the experimental group, sor- confusion was evident within forms. There

was a loss of 12 percent on Form A, which can be attributed to a shift

to response C, heavy exercise. On Form B there was a gain of 20 percent,

which can be accounted for by a shift from choice D, heavy exercise.

Rest (choice A) was also a strong distractor in Form B. The same

general response pattern exists for the control group, although the

posttest biserial correlation was positive and higher for the 21-A,

1-B control group than for the similar experimental group.

These data on the !tem pairs seem to indicate that there was some

difficulty on the part of the EMH students in distinguishing which is
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Table 8. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest

rb
N

Percent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-21
B-1

79

87
78

20

3

0

16

51

3

29

0

1

0

0

87

79

66

18
3

0

26

71

4

10

0

0

0

0

.47

.02

-.02
.34

Control A-21
B-1

80

88
69

31

3

1

29

59

0

8

0

1

0

0

88

80

72

21

2

1

23

63

2

14

1

1

0

0

.29

.24

.34

.39

Table 9. Pretest to Posttest Changes
(The response choice for A-21 is cited first.)

Item Pair A-21, B-1 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A C A+C B A B+A C B C+B D D D+D
Expe ri-

mental

Control

-12 +20

+3 +4

+4

+4

0

-1

-2

-10

-2 +10

-6

0

0

+6 +1

+2

-19

+6

-10

+4

most important -- food, rest or exercise. A probable explanation is

that health and physical education teachers have been stressing the

importance of rest and exercise and the ME NOW materials are simply

adding one more item to the list of important things to do. It may be

that the EMI student is nit capable of making these rank order distinc-

tions, although gains of 14 and 12 percent, respectively, were ride or

the identical items in the previous evaluation study.
15

We recommend that this item be left in the test to help teachers

15
James T. Robinson and Richard R. Tolman. A Formative Evaluation
of NE NOW, Unit I, Digestion and Circulation. Boulder, Colorado.
Biological Sciences Curriculum Study, University of Colorado,
September, 1970, p. 42.
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identify students who have not been able to rank order the importance

of food, rest and exercise in relation to growth needs. The problems

of teaching for these distinctions should be pointed out in the revised

Teacher's Guide.

Item pair 4-A, 5-B was judged to provide baseline data and to

function at the cognitive level of comprehension. Table 10 indicates

that both experimental and control classes made gains on this item pair,

and biserial correlations indicate that ais pair of items is dis-

criminating well between students who achieved a high score on the test

and students who achieved low scores. Teachers suggested that the stem

be changed to read, "Which person is as tall as this line on the graph

of height?" The second and third bars in the height graph on Form A

should be transposed to avoid giving position as a clue to the correct

response.

WHICH PERSON MATCHES THIS LINE ON THE 4-A

GRAPH OF HEIGHT'

A
MARK AN X 04 THE PERSON OF YOUR C OICE.

PC,IS7A .TE.E: T-I N T-E

OF -t!COT'

A

MARK AN X ON THE PERSON OF YOUR C OICE.

Table 10. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N
Percent of N

N
Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-4
P-5

79

87

13

1

77

3

4

11

1

83

5

1

0

0

87

79

13

0

80

2

3

11

0

84

3

3

0

0

.62

.63

.64

.81

Control
A-4
B-5

80

88

11

1

69

1

A
15

1

75

8

8

1

0

88

80
7

1

81

0

6

9

1

88
6

3

0

0

.39

.31

.67

.62



32

Table 11. Pretest to Posttest Changes
(The response choice for A-4 is cited first.)

Item Pair A-4, B-5 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B D B+D A B A+B C C C+C D A D+A

Experi-
mental

Control

+3 +1

+12 +13

+2

+12

0

-4

-1

-1

0

-2

-1

-4

0

-6

-1

-6

-1

0

-1

0

-1

0

This item pair and the next item pair to be discussed (12-A, 20-B)

were included to determine whether students could interpret graphical

data. Students seem to have difficulty with graphing activities.
16

At the briefing session, experimental group teachers felt that students

would not be able to respond to these items. The high initial success

of students on these items (see Tables 10 and 12) provides evidence for

the necessity to empirically verify such judgments. Lack of knowledge

of instruction in the control classes makes an explanation of the marked

gains on this item pair impossible. Instruction in the graphing

activities did not change posttest results in the experimental group

(see Table 11) .

Item pair 12-A, 20-B was judged to provide baseline data and to

function at the cognitive level of comprehension. Data from this and

the previous item pair cle?rly indicate that students in the experi-

mental and control groups can successfully transfer data presented in

graph form to figures, and vice versa, before instruction.

16
See Robinson and Tolman, p. 78.
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Table 12. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest

rbNABCDMOPercent of N

N
Percent of NABCDMO Pre Post

Experi-
mental

A-12
B-20

79

87

72 15

63
1

6

4

5

8

3

0

2

87

79

77

13

16

72

4

8

0

3

2

4

0

0

.59

.56

.28

.6521

Control
A-12
B-20

80

88
66

19

10

70

4

3

11

5

8

2

1

0

88

80

84

14

7

74

1

4

6

3

2

5

0

1

.61

.53

.70

.38

Teachers requested that this stem be changed to read, "Which line

on the graph is the same as the weight of the person on the scale?"

They also suggested that instructions in all items of this type be

changed to read, "Mark an X on the line that touches that part." This

seems much clearer and avoids lengthy sentences that may be confusing

to the EMH student. Since control group gains were greater than those

of the experimental group, gains cannot be attributed to the effect of

instruction. The biserial correlations were high for both the experi-

mental and control groups.

The initial success of students with the two item pairs on graph

reading indicates that graphical communication can be used in instruc-

tion when such communication would be useful.
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Table 13. Pretest to Posttest Changes
(The response choice for A-12 is cited first.)

Item Pair A-12, B-20 Percent Change, Pretest to Posttest

Student

Group

Correct
Choice Parallel Distractor Pairs

A B A+B B A B+A C C C+C D D D+D
Experi-
mental

Control

+5

+18

+9

+4

+8

+11

+1

-3

-8

-5

-3

-5

+3

-3

+2

+1

+2

-1

-4

-5

-2

-2

-4

-3

Objective 101. Students will associate food types with plant

and animal sources. Four student activities and other instructional

strategies were designed to develop student competencies to achieve

this objective. Similar to objective 100, the developers assumed

that some students would be familiar with the content of this objective

prior to instruction.

Fifty-six percent of the teachers reported that they used the pre-

scribed strategies as described; 44 percent reported some modifications.

All teachers reported that the strategies were successful. No problems

with materials were encountered, although many students initially

100

Percent of
teachers 50
(N=16)

0

Interest

Disinterest
Pleasure Willingness
Displeasure Unwillingness

69

25

6
mm

19

6
mm -II 19

6
mm

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 6. Reaction of the majority of students
to activities 4 to 7

5 = high
3 = neutral
1 = low
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thought that the food items came from the store; they did not associate

food with plants or animals.

Figure 6 shows that student reactions were very high across the

three rating scales. Activities 5, 6 and 7 were more important than

activity 4, but (see Figure 7), all activities were considered important

for EMH children. Eighty-one percent of the teachers estimated that

three-fourths or more of their students were able to perform the be-

haviors specified by the subobjectives and they judged the subobjectives

to be very important (Figures 8 and 9).

100

Percent 50

0

59

29

5 4 3 2 1

II

Percent of
teachers
(N=15)

Important .--OK Useless

Figure 7. Importance to students of activities 4 to 7

100

50

0

49
32

2

All 3
T

1

2
1 ,1 None
i 4

Figure 8. Proportion of
students able to perform
on subobjectives of

objective 101

100

50
Percent of
teachers
(N=15)

5 4 3 2 1

Important Useless

Figure 9. Importance of the
subobjectives

Two item pairs were designed to sample achievement on this

objective.
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Item pair 8-A, 2-B was judge:a to provide baseline data for this

objective and to function at the cognitive level of knowledge. Item

8-A required the selection of one animal-source food from three plant-

source foods, and item 2-B required the selection of one plant - source

food from three animal-source foods. Although a high success rate

(91 percent) was achieved on the pretest by the experimental group,

gains were still recordad on the posttest (97 percent). The biserial

correlations remain very high despite the high success rate. Since

control group gains were also high (from 91 to 98 percent) we cannot

conclude that experimental group gains on this item pair were attribut-

able to the effect of instruction.

Table 14. Item Responses and Eiserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bUABCDMOPercent of N

NABCDMO
Percent of N

Pre Post

Experi-
mental

A-8
B-2

79

87

0 2 96 1 0 0
87 6 6 1 0 0

87

79

1 0 99 0 0 0
95 1 4 0 0 0

.59

.49

.51

.67

Control
A-8
B-2

80

88

0 6 91 3 0 0

91 3 3 2 0 0

88

80

0 1 97 1 1 0
98 0 3 0 0 0

.49

.49

.47

.57
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Table 15. Pretest to Posttest Changes
(The response choice for A-8 is cited first.)

Item Pair A-8, B-2 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C A C+A A B A+B B C B+C D D D+D

Expe ri-

mental

Control

+3

+6

+8

+7

+6

+6

+1

0

-5

-3

-2

-2

-2

-5

-2

0

-2

-2

-1

-2

-1

-2

-1

-1

A BEAN COMES FROM

WHAT PART OF A PLANT'

MARK AN X ON THE LIME

THAT TOUCHES THAT PAPT

SEED A

A RAC4SE, COMES FROM

LW" o 4HAT RAFT CF A PLANT/

"APK th Dv THE ,IME

STALK C ICU'm4S, EkAT PART.

ROOT D

Item pair 18-A, 8-B provides baseline data for this objective

and functions at the cognitive level of comprehension. A net loss of

three percent was achieved across forms in the experimental group.

Although the stylized plant illustration was used in instruction, it

is possible that some students may not be familiar with beans and

radishes. The more general explanation would be that EMH students may

not be able to associate vegetables not used in instruction with the

parts of the stylized plant. This item pair could be revised to

include vegetables used during instruction, though this would reduce

the cognitive level to recall. On the other hand, the biserial cor-

relations are very good, indicating one other possibility -- that the

students who scored low on the test are having difficulty associating



38

vegetables not used in instruction with the parts of the stylized

plant and that higher scoring students can make this association.

Instructions on how to involve slower students could remedy this problem.

Teachers should be encouraged to plant seeds and grow the plants in the

classroom so that students can see the edible portions in relation to

the whole plant. Also, wherever possib.e, entire plants should be

purchased and brought into the classroom instead of merely the edible

portions. The revised edition of the Teacher's Guide contains a

suggested field trip to the supermarket.

Table 16. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

ABCDMO ABCDMOPre Post

Experi-
mental

A-18
11-8

79

87

70

28

6

8

0

3

24

60

0

1

0

0

87

79

62

22

2

11

8

5

28

62

0

0

0

0

.53

.34

.53

.54

Control
A-18
B-8

80

88

51

23
6

2

1

3

41

69

0

2

0

0

88

80

42

40

7

6

1

0

49

54

1

0

0

0

.25

.23

.29

-.09

Table 17. Pretest to Posttest Changes
(The response choice for A-18 is cited first.)

Item Pair A-18, B-8 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A D A+D B B B+B C C C+C D A D+A

Experi-

mental

Control

-8

-9

+2

-15

-3

-12

-4

+1

+3

+4

-1

+3

+8

0

+2

-3

+6

-1

+4

+8

-6

+17

-I

+13
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Objective 102. Students will distinguish different in physical

characteristics of foods. Two student activities were designed to

develop student competencies to achieve this objective.

Fifty-six percent of the teachers reported that they used the

prescribed strategies; 44 percent reported some modifications. All

teachers reported that the strategies were successful. One teacher's

comment was very noteworthy -- "I will admit I thought the wording and

strategies were poor on this unit, until I tried it. I used them

exactly, though, and they were highly successful." One teacher indicated

that the pliers-type juicer was difficult to locate, and several teachers

noted a reluctance on the part of some students to taste baby food.

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

81 75 75

19
25 25

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

5 = high
3 = neutral
1 = low

Figure 10. Reaction of the majority of students
to activities 8 and 9

Figure 10 shows that student reactions were very high across the

three rating scales. Both activities are important for EMI children

(Figure 11) .

Figure 12 shows the proportion of students who were able to per-

form the behaviors specified by the one subobjective of objective 102.

Sixty-one percent of the teachers indicated that three-fourths or

more of their students were able to perform these behaviors. Ninety-

one percent indicated that over half had performed successfully.
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Student success in the activities of objective 102 was moderately

high. This was measured by teacher judgment, no test items were used.

The subobjective was also rated as very important by the teachers

(see Figure 13).

100

Per-...ent 50

0

24
13

5 4 3 2 1

I
Percent of

teachers
(1415)

Important Useless

Figure 11. Importance to students
of activities 8 and 9

100

50
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100
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Figure 12. Proportion of
students able to perform
on the subobjective of

objective 102

Figure 13. Importance of the
subobjective

Objective 103. Students will relate structure with function of

mouth parts. Six student activities and other instructional strategies

were designed to develop student competencies to achieve this objective.

The writers assumed that the students would not be familiar with the

subject matter under this and subsequent objectives.

Sixty-three percent of the teachers used the strategies as described;
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37 percent reported some modification. All teachers reported that the

strategies were successful and no problems with materials were encountered.

Many of the students knew some of the functions of the teeth and tongue,

but not all. No students were familiar with the role of saliva in

swallowing and digestion.

Interest

100

Percent of
teachers 50
(N=16)

0

Pleasure Willingness
Disinterest Displeasure Unwillingness

63
-

37

69

31

56

38

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 14. Reaction of the majority of students
to activities 10 to 15

5 = high
3 = neutral
1 = low

Figure 14 shows that student reactions were very high across the

three rating scales. All activities were judged to be important,

with activity 11 (Function of the Tongue) judged most important for

EMH children (see Figure 13).

100

Percent
50 40

I.14

0 II

5 4 3 2 1

I
Percent of
teachers
(N=14)

Important Useless

Figure 15. Importance to students of activities 10 to 15

Figure 16 shows the proportion of students who were able to per-

form the behaviors specified by the four subobjectives of objective 103.

Seventy-one percent of the teachers estimated that three-fourths or

more of their students were able to perform the behaviors.
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They felt these subobjectives were very important (Figure 17).

100

50 49

22 II 19

0 I I
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All 3 1 1 <1 None
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Figure 16. Proportion of
students able to perform
on subobjectives of

objective 103

100
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Figure 17. Importance of the
subobjectives

Five item pairs were designed to sample achievement on this

objective.

wiAT 'S F) 6: nil.' ',,ALIVA MOST

.AA4 A'. f 'N ff'

GRAVEL

.OAT IS FOOD MIXED WIT S.LIVA MOST LI'E'

MAP% AN A ON yOUA CmOICE

PAVEL

A

MUD SAND

24-1,

ROCK

Item pair 3-A, 24-B functions at the cognitive level of analysis

and was designed to determine if students could compare food-saliva

mixtures with other materials of similar consistency. A net gain of

27 percent was achieved across both Forms A and B in the experimental

group, indicating that significant learning occurred during instruction.

The biserial correlation increased from pretest to posttest for Form B,

but decreased for Form A. However, .28 for Form A is still acceptable

and indicates a good discriminating item.

Teachers were nearly unanimous in wanting to include the four
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response choices in the stem of the item because some students could

not read the words. In the future, all response choices should be

included in the stem and read to the class.

Table 18. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

A-3
B-24

79

87
9

32

24

29

33

29
34

8

0

1

0

1

87
79

1

14

43
67

30

14

26

4

0

1

0

0

.56

.40

.28

.60

Control
A-3

B-24
80

88

10

25

26

35

30

30

31

9

3

1

0

0

88
80

2

18
32

48
31

24

35

10

0

1

0

0

.61

.42

.46

.42

Table 19. Pretest to Posttest Changes
(The response choice for A-3 is cited first.)

Item Pair A-3, B-24 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B+B A+D C C D+A

Experi-
mental

Control

+19 +38

+6 +13

+27 -8

-8

-4

+1

-3

+1

-15

-6

-8

+4

-18

-7

-13

-1

Item pair 5-A, 7-B provides baseline information for this objective

WHAT PART IS BEST FOR GPINDING (CHEWING)

FOOD INTO LITTLE PIECES)

!'IAA. AN X IN TmE CIRCLE ON ENE LINE

'NAT TOUCMES THE PAP/,

S -A RRAT PA, T HST FO' GPMING

FOO:, NO Wilt Plia/
-.111.61111:46

°O. A% f TY THE CIRCLE ON THE LINE

m4T T.t AT
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and functions at the cognitive level of knowledge. Both experimental

and control groups showed net gains from pretest to posttest. The net

change of 17 percent across forms in the experimental group clearly

shows that learning is taking place as a result of instruction. The

biserial correlations on the posttest (.56 and .91 for Forms A and B,

respectively) indicate that this pair of item, is functioning well in

discriminating between students with low and those with high posttest

scores.

Table 20. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

ABCDMO ABCDMO Pre Post

Experi-
mental

A-5
B-7

79

87

1

3

22

20

4

7

72

69

0

1

1

0

87

79

3

0

7

6

3

5

86

89
0

0

0

0

..32

.52

.56

.91

Control
A-5

B-7
80

88

3

2

25

16

1

5

71

75
_......

0

2

0

0

88

80

2

0

15

14

8

8

75

'7;

0

0

0

0

.43

.46

.45

.09

Table 21. Pretest to Posttest Changes
(The response choice for A-5 is cited first.

Item Pair A-5, B-7 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Di tractor Pairs

D D D+D A A A+A B B B+B C C C+C

Experi-

mental

Control

+14 +20

+4 +4

+17 +2

-1

-3

-2

0

-

-15

-10

-14

-2

-14

-5

-1

+7

-2

+3

-2

+5

Item pair 13-A, 4-B functions at the cognitive level of knowledge.

This item pair showed a significant improvement in student gain from

pretest to posttest for the experimental group, but there was a net



IN WHAT RAPT DOES DIGESTION START,

MARK AN X IN THE CIPCLE ON THE LINE

THAT TOUCHES THAT PART
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4-8

loss on this item pair for the control group. The gain of 21 percent

in the experimental group can be attributed to a response shift from

the intestine to the correct choice, the mouth. However, Table 22

shows that 26 percent of the experimental group still chose the stomach

after instruction. The actual beginning point of digestion should

receive more emphasis in the instructional mater'als. The biserial

Table 22. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

4

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

ABCDMO ABCDMOPre Post

Experi-
mental

A-13
B-4

79

87
18

8

25

20

29

38

28

32

0

1

0

0

87

79

17

3

7

23

29

19

47

56

0

0

0

0

.21

.03

.24

48

Control
A-13

13-4

80

88

10

3

23

38

34

34

33

25

1

0

0

0

88

80

14

5

26

40

38

24

22

31

1

0

0

0

.46

.21

.01

.57

Table 23. Pretest to Posttest Changes
(The response choice for A-13 is cited first.)

Item Pair A-13, B-4 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D D D+D A A A+A B C B+C C B C+B

Expe ri-

mental

Control

+19 +24

-11 +6

+21 -1

+4

-5

+2

-3 -18 -19

-10

-19

-4

0 +3

+2

+2

+3
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correlations for Forms A and B of .24 and .48, respectively, indicate

that the items are good discriminators.

I% WH'T PAT IS SAWA ADDED 10 FOOL'

.,ARK AN X IN THE CIRCLE ON THE LINE

THAT TOUCHES THAT PART,

A mean gain of 37 percent from pretest to posttest was achieved

by the experimental group on item pair 20-A, 9-B. This result can be

accounted for by shifts from all three distractor pairs. The control

group registered no gains on this item pair. The cognitive level of this

pair of items is knowledge, and, based on an experimental-control group

comparison, it is evident that substantial student gains were made in

the experimental group as a result of instruction (see Table 25).

Table 24. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N

N
Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-20
B-9

79

87
14

5

37

23
18

31

32

40

0

1

0

0

87

79

7

8

7

10

16

3

70

77

0

0

0

0

.41

.42

.81

.59

Control
A-20
B-9

80

88
11

8

31

20

28

36

30

35

0

0

0

0

88

80

23

10

26

21

20

34

30

35

0

0

0

0

.67

.20

.61

.57
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Table 25. Pretest to Posttest Changes
(The response choice for A-20 is cited first.)

Item Pair A-20, B-9 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D D D+D A A A+A B C B+C C B C+B

Experi-
mental

Control

+38

0

+37

0

+37

0

-7

+12

+3

+2

-2

+8

-30

-5

-28

-2

-29

-4

-2

-8

-13

+1

-8

-4

Item pair 24-A, 17-B provides baseline information on this objec-

tive and functions at the cognitive level of knowledge. Although pre-

test means were high for this item pair, a mean gain of 11 percent

(80 to 91 percent) was achieved by the experimental group. Interest-

ingly, a comparison of this item pair with 5-A, 7-B would indicate

WHAT PART PUSHES FOOD AROUND

IN THE MOUTH'',

MARK AN X IN THE CIRCLE ON THE
LIRE THAT TOUCHES tmAT PART,

24-A WHAT RAPT HOlf: FOOL A 'IAL

14 1.,E MOUTO,

AN A IN T TA In. ,E ,N TnE
,INE In: T Ttu ..E-, - "AT PAP/.

that students were initially more knowledgeable about the function of

the teeth than that of the tongue. Here again, this probably reflects

the emphasis given to oral hygiene in most EM! classes. A mean gain of

two percent (from 85 to 87 percent) was achieved by the control group.

Although pretest means for the control group were higher than for the

experimental group, the pretest to posttest mean gain was much higher

for the experimental group than for the control group, indicating that

instruction did have an effect in the experimental group.
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Table 26. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N

N
Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-24
B-17

79

87
8

8

3

6

89

72

1

13

0

1

0

0

87

79

0

4

6

1

91

91
3

4

0

0

0

0

.09

.69

.96

.77

Control
A-24
B-17

80

88
8

5

3

5

84

85

5

5

1

0

0

1

88
80

6

1

2

4

85

90
6

5

1

0

0

0

.65

.44

.78

.50

Table 27. Pretest to Posttest Changes
The response choice for A-24 is cited first.)

Item Pair A-24, B-17 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distracter Pairs

C C C+C A A A+A B B B+B D D D+D

Experi-
mental

Control

+19

+5

+11

+2 -2

-4

-

-6 -5

-1

+2

+1

-9

0

-4

+1

Objective 104. Students will relate location with structure and

function of the esophagus. Two student activities and other instruc-

tional strategies were designed to develop student competencies to

achieve this objective. The writers assumed that very few students

would be familiar with the content of this objective prior to instruc-

tion.

Seventy-five percent of the teachers used the strategies as

described; 25 percent reported some modification. All reported that

the strategies were successful. Some difficulties were encountered

with the X-ray film that depicts chewing and s,-allowing, but this was

expected since the film was not designed for use with this program.



A new series of films specifically for use with ME NOW will eliminate

the problems encountered with substitute films during experimental

trials.

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness

Disinterest Displeasure Unwillingness

56

31

13

4 44

13

4 44 --

13

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

49

5 = high

3 = neutral
1 = low

Figure 18. Reaction of the majority of students
to activities 16 and 17

Figure 18 shows that student reactions were high across the

three rating scales, although not as high as for previous activities.

Figure 19 shows that both activities were judged important for EMH

students.

100

Percent 50

0

56

5 4 3 2 1

Important .--OK Useless

Percent of
teachers
(N=15)

Figure 19. Importance to students of activities 16 and 17

Figure 20 shows the proportion of students who were able to per-

form the behaviors specified by the two subobjectives of objective 104.

Seventy-one percent of the teachers estimated that three-fourths or

more of their students were able to perform these behaviors. Although

this percentage is identical to that for objective 103, more teachers

(40 percent) indicated that all of their students could successfully
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Figure 20. Proportion of
students able to perform
on subobjectives of

objective 104

IIPercent of

teachers
(N=15)

100

50

0

69

4

5 4 3 2 1

Important Useless

Figure 21. Importance of the
subobjectives

perform the desired behaviors. Figure 21 shows that teachers judged

the subobjectives to be important.

One pair of test items was designed to sample achievement

on this objective.

WHAT PART IS THE ESO°HAGUS OR FOOD TUPP

MOM AN N iR THE lIRCL-, ON THE LINE

IMO TOUCHES INAT PART,

1-a

4,A1 -ART IS 14 ESC,PHAGO', 00 TOO:i TUP

'AFr AN X IN THE CI,,CLI LY IRE ,Ar

TWAT MUCRES I.AT PART.

Item pair 17-A, 21 -B functions at the cognitive level of knowledge.

A mean gain of 48 percent from pretest to posttest was achieved by the

experimental group. There was no mean gain for the control group, indi-

cating that the large experimental group gain can be attributed to in-

struction. The gain can be accounted for by losses in all three distrac-

tor response pairs. The biserial correlations indicate that the items

are good discriminators.
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Table 28. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

A-17
B-21

79

87

30

40

39

23

23

29

6

8

1

0

0

0

87

79

79

87

14

6

5

3

2

4

0

0

0

0

.54

.50

.68

.48

Control
A-17

B-21

80

88

34

30

33

36

20

22

14

10

0

2

0

0

88

80

26

39

44

31

23

23

5

8

2

0

0

0

.29

.50

.29

.29

Table 29. Pretest to Posttest Changes
(The response choice for A-17 is cited first.)

Item Pair A-17, B-21 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A A A+A B B B+B C C C+C D D D+D

Experi-
mental

Control

+49

-8

+47

+9

+48

0

-25

+11

-17

-5

-21

+3

-18

+3

-26

-1

-22 -4

-9

-4

-2

-4

-5

Objective 105. Students will relate stomach functions to diges-

tion. Ten student activities and other instructional strategies were

designed to develop student competencies to achieve this objective.

Two problems were identified in the sequence of activities that

led to modification of the materials. First, most teachers could not

locate stethoscopes and using styrofoam cups with the bottoms removed

proved unsatisfactory. Stethoscopes will be included in the kit in the

future. Second, students were confusing the starch and sugar tests

which were conducted on the same day using one worksheet. One teacher

separated the experiments by one day and used separate worksheets with

excellent results. The materials were revised to include this procedure
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and separate worksheets were constructed.

Nearly half of the teachers reported that their most reticent

students "suddenly became excited and were deeply involved with this

series of activities." Other teachers reported that, much to their

surprise, many students were able to work individually on starch and

sugar tests. Another surprising result was that many students were

familiar with the terms "dissolve" and "solution" and had elementary

definitions of these concepts within their grasp.

Because of the large number of activities under this objective,

several graphs were constructed for small subgroups of activities.

Figure 22 displays the graphs of teachers' ratings of student interest

across the series of activities, and Figures 23 and 24 display the

graphs of student pleasure and willingness, respectively. The re-

sponses for activities 21 to 23 and 24 were especially high.

100
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50
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Figure 22. Interest of the majority of students
in activities 18 to 27
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100
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711
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, 25 25

_

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Act. 18-20 Act. 21-23 Act. 24 Act. 25-27
Figure 23. Pleasure of the majority of students

in activities 18 to 27
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5 = high

3 = neutral
1 = low

Figure 24. Willingness of the majority of students
to participate in activities 18 to 27

Figure 25 shows that the teachers judged this series of activities

to be important. Figure 26 shows the proportion of students who were

able to perform the behaviors specified by the nine subobjectives of

objective 105.
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Figure 25. Importance to students of activities 18 to 27
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Figure 26. Proportion of students able to
perform on subobjectives of objective 105

Act. 25-27
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The range of teachers estimating that three-fourths or more of

their students were able to perform the behaviors specified is from a

high of 80 percent for activities 25 to 27 to a low of 61 percent for

activity 24. In view of the complexity of the tasks, we are very

pleased with the results. The range of teachers estimating the ratio

of successful students at one-half or more is from a high of 95 percent

for activities 21 to 23 to a low of 81 percent for activity 24. Teacher

judgment of the importance of the subobjectives was generally quite

high (see Figure 27).

100
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of

50
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Figure 27. Importance of the subobjectives
of objective 105

Two of the test teachers experienced some difficulties with this

series of activities, which resulted in some of the low teacher ratings.

Based on their difficulties, modifications were made in procedures,

worksheets and in the activities.

Six item pairs were designed to sample achievement on objective 105.

SUGAR TEST SOLUTION IS TH S COLOR

WHEN SUGAR TEST SOLUTION IS USED ON A FOOD,

WHICH COLOR SHOWS THAT SLIP IS PFESCNT"

MARK AN Y ON THE TEST Tut OK v,uR CHOICE.

5-A SUGAR TEST SOLUTION IS THIS COLOR.11

WHEN SUGAR F ST SOLUTION IS USED ON A FOOD,,

WHICH COLOR SHOWS THAT SUGAR IS PRESENT'

MARK AN X ON THE TEST TUBE Of vOUR CHOICE.

WHITE

A

BLACK BLUE

IA-B
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Item pair 6-A, 18-B functions at the cognitive level of compre-

hension. Mean net gain for the experimental group from pretest to post-

test was 51 percent (from 10 to 61 percent). A shift from blue and white

to yellow as the correct choice accounted for this gain. A mean net

gain of ten percent was achieved by the experimental group for black,

choice B in Forms A and B, as a response choice. Some students probably

confused the results of the starch and sugar tests. The biserial

correlations indicate that the items are good discriminators. A mean

net loss of one percent in the control group indicates that the experi-

mental group gains can be attributed to the effect of instruction.

The stem should be revised to read, "Sugar test solution is blue,"

and eliminate possible confusion by not having color in the test item

booklet. The word "blue" was written in the test book for all posttests.

Table 30. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
bPercent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-6

B-18
79

87
30

49
11

3

4

16

54

30

0

1

0

0

87

79

20

4

20 54
14 68

7

14

0

0

0

0

-.25
.04

.48

.41

Control
A-6

B-18
80

88
34

40

9

13

6

13

50

32

1

3

0

0

88

80

30

51

13 8

5 lb
50

34

0

0

0

0

-.33

-.14
-.12
-.06

J

Table 31. Pretest to Posttest Changes
(The response choice for A-6 is cited first.)

Item Pair A-6, B-18 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C C+C A D A+D B B B+B D A D+A

Experi-
mental

Control

+50 +52

+2 -3

+51

-1

-10

-4

-16

+2

-13

+3

+11

-8

+10 -47

0

-45

+11

-45

+5
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WHAT 0,,JECT WO,r,S MOST Lir

;TOPAC

mt.. AK T4E A! %PC KG'

WHAT OBJECT WORKS MOST LIKE

YOUR STOMACH,

MARK AN X ON THE PICTURE YOU
CHOOSE.

Item pair 9-A, 6-B functions at the cognitive level of analysis.

The mean net gain of 25 percent (from 45 to 70 percent) in the experi-

mental group can be accounted for by net losses from all distractor

pairs. Although there was a mean net gain of 14 percent from pretest

to posttest in the control group, we feel that the 25 percent gain in

the experimental group can be attributed to the effect of instruction.

Boys scored higher than girls on item 9-A while girls scored higher

than boys on item 6-B.

Table 32. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M O A B C D M O Pre Post

Experi-
mental

A-9

B-6
79

87

61

40

29

15

4

30

6

14

0

1

0

0

87

79

77

14

21

4

0

63

2

19

0

0

0

0

.41

.54

.66

.48

Control
A-9
B-6

80

88

60

36

24

15

4

33

13

16

0

0

0

0

88

80

70

29

13

11

3

50

11

10

2

0

0

0

.41

.28
.48

.65

Table 33. Pretest to Posttest Changes
(The response choice for A-9 is cited first.)

Item Pair A-9, B-6 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A C A+C B D B+D C A C+A D B D+B

Experi-
mental

Control

+16

+10

+33

+17

+25

+14

-8

-11

+5

-6

-1

-8

-4

-1

-26

-7

-16

-4

-4

-2

-11

-4

-8

-3



Interviews with students identified varying degrees of under-

standing of the concept measured by the item. Students choosing the

pickup truck or tank truck chose them because they "carried things

like the stomach carries food." Students choosing the dump truck

reasoned that it "carried things and dumped them like the stomach

does with food." The carrying, mixing and dumping processes of the

cement truck were clearly explained as being analogous to stomach

action by students choosing this response.

Teachers' comments indicate that the art work on the tank truck

should be improved and the "What object" should be replaced by "Which

truck" in the stem of Form A.

II-A

AFTER FOOD LEAVES THE MOUTH.

WHERE IS DIGESTIVE JUICE AMP

MARK AN X IN THE CIRCLE Al Tr( END OF
THE LINE THAT TOUCHES THE PART.

A

57

,

AFTER FOOD LEAVES THE moll,

WHERE is DIGESTIVE JUICE ADDED' ,

MARK AN X IN THE CIRCLE AT THE END OF
THE ONE THAT TOUCHES THE PART.

Item pair 11-A, 19-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest for the experimental group was

17 percent (from 45 to 62 percent). This gain can be attributed to

losses in the response choices for the large and small intestines.

There was a mean net gain of eight percent (from 14 to 22 percent) for

the esophagus as a distractor. It may be necessary to add instructions

to the Teacher's Guide to help the students differentiate between the

esophagus and the stomach. It is also possible that some students

think digestive juices are added in the esophagus. Teachers should be

alerted to this possible problem.
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There was a mean net gain of six percent from pretest to posttest

in the control group. The larger pretest to posttest gain in the

experimental group indicates that student success in the experimental

group is attributable to the effects of instruction. The biserial

correlations indicate that the items are good discriminators. The

instructions in the stem should be changed to "Mark an X on the line...,"

and the figure should be changed to correspond with the other figures

in the test.

Table 34. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-11
B-19

79

87

5

23

16

20

29

14

49

41

0

2

0

0

87

79

22

23

5

8

10

8

62

62

1

0

0

0

.03

.15

.34

.55

Control
A-11
B-19

80

88
8

18

15

23

46

18
31

40

0

1

0

0

88

80

10

18

11

18

30

29

47

36

2

0

0

0

.26

.39

.51

.36

Table 35. Pretest to Posttest Changes
(The response choice for A-11 is cited first.)

Item Pair A-11, B-19 Percent Change, Pretest to Posttest

Studeat
Group

Correct
Choice

Parallel Distractor Pairs

D D D+D A A A+A, B C B+C C B C+B

Experi-
mental

Control

+13 +21

+16 -4

+17 +17

+2

0

0

-11

-4

-6

+11

-19

-16

-12

-5

-15

-10
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With item pair 22-A, 11-B functioning at the cognitive level of

comprehension, a mean net gain from pretest to posttest of 53 percent

(from 14 to 67 percent) in the experimental group can be accounted for

by a shift from choosing brown and white. There was a mean net gain of

four pe-3ent in choosing blue in the experimental group. Some students

may have problems distinguishing between blue and black in the projected

slide. This indicates that yellow, a color obtained with the sugar test

solution, could be a possible distractor instead of blue. Also, since

no squares appear in the test paper, the instructioh in the stem should

read, "Mark an X on your choice." Since the mean net gain from pretest

to posttest in the control group was only seven percent (from eight to

15 percent), the large gains achieved by the experimental group can be

attributed to the effect of instruction.

Table 36. Item Respunses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
bPercent of N

N

Percent of N

B C D M 0 ABCDMO Pre Post

Experi-
mental

A-22
B-11

79

87

6

8

11

54

19

21

63

16

0

1

0

0

87
79

13
5

68
5

17
24

2

66
0

0

0

0

.07

-.24
.54

.28

Control
A-22
B-11

80

88

31

15

8

60

19

15

41

8

1

2

0

0

88
80

27 16 14
10 Ti 25

42

13

1

0

0

0

-.11
.60

.16

-.18



Table 37. Pretest to Posttest Changes
(The response choice for A-22 is cited first.)

Item Pair A-22, B-11 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B D B+D A C A+C C A C+ii D B D+B
Experi-
mental

Control

+57

+8

+50

+5

+53

+7

+7

-4

+3

+10

+4

+3

-2

-5

-3

-5

-2

-5

-61

+1

-49

-7

-55

-4

Item pair 23-A, 16-B provides baseline information and functions

at the cognitive level of comprehension. The pretest results on this

IG HE CIKLE; "ROW WL'i. FGOL I4 YO,P 500y

WHICH WOULD :E r, GEZTL,

moo AN X ;% YL,,A

A

QQ
0
0

00000
00 0

A

00
000

item pair, for both the experimental and control groups, indicate that,

prior to instruction, the majority of these populations understands that

pieces of food become smaller during the digestion process. There is

some indication, however, that the word "most" has caused students to

choose the correct response on the pretest. The meAn net gain from

pretest to posttest in the experimental group was 14 percent (from 74

to 88 percent), accounted for by a shift from all distractor pairs.

The mean net gain from pretest to posttest in the control group was six

percent (from 81 to 87 perceht). The control pretest mean on this item

pair was higher than the mean for the experimental group; but the mean

net gain in the experimental group, that we attribute to instruction,

was greater than the mean net gain of the control group.
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Table 38. Item Responses and Biserial Correlations
for i:xperimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent cf NABCDMO ABCDMOPre Post

Experi-
mental

A-23
B-16

79

87

9

10

82

67

5

6

4

17

0

0

0

0

87

79

8

1

86

90

2

4

3

5

0

0

0

0

.62

.51

.85

.62

Control
A-23
B-16

80

88

4

3

88

75

3

5

5

17

1

0

0

0

88

80

2

4

92

83

2

8

1

5

2

1

0

0

.31

.32

.61

.47

Table 39. Pretest to Posttest Changes
(The response choice for A-23 is cited first.)

Item Pair A-23, B -16 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B B B+B A+D C+A D+C

Experi-

mental

Control

+4

+4

+23

+8

+14

+6

-1

2

-12

-12

-3

-1

-9

+1

-1

-4

-2

+3

-2

-1

WHICH PICTURE SHOWS THE PUCE

. .00D MOST DISSOLVED',

MARK AN X ON YOuP rHoICt

A

0
0 000

0

WHICm PICTURE SHOW, 14 NUE

OF FOOD 10'T DmoLv;',

PIAPI. AN Y oN vo, rHi k

A

0 00
000 0

10-

Item pair 29-A, 30-B provides baseline information and functions

at the cognitive level of comprehension. The high pretest scores on

this item pair were surprising to the BSCS staff, but there is some

indication that the word "most" may act as a clue, as with the previous

item pair. During staff visits to the experimental group classrooms,

students were interviewed and asked why they chose their particular re-

sponse choice for this item pair. The term "dissolve" was associated by

the EMH students with terms such as "melt," "disappear," and "goes away,"

indicating an elementary level of understanding of the dissolving process.
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Table 40. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

A B C D M 0 ABCDMOPre Post

Experi-
mental

A-29
B-30

79

87

8

7

3

11

0

75

89

6

1

0

0

0

87

79

3

0

3

4

3

94

90

1

0

1

0

0

.39

.43

.69

.64

Control
A-29
B-30

80

88

5

5

4

5

3

80

86

8

1

3

0

0

88

80

3

0

3

5

2

91
90
3

1

0

0

0

.18

.36

.54

.09

Table 41. Pretest to Posttest Changes
(The response choice for A-29 is cited first.)

Item Pair A-29, B-30 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D C D+C A+B B+D C+A

Experi-
mental

Control

+1 +19 +10 -7

-2 0

0 -5

-5

+3 -7 -2

-1 -5 -3

The mean net gain in the experimental group of ten percent (from

82 to 92 percent) was greater than the mean net gain of seven percent

(from 83 to 90 percent) by the nontrol group. However, since differences

between the two groups are so small, experimental group gains cannot be

attributed to instruction. In spite of the high success rate in the

experimental group, the biserial correlations indicate that the items

are good discriminators.

Objective 106. Students will infer functions of parts of the

circulatory system. Eleven student activities and other instructional
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strategies were designed to develop student competencies to achieve this

objective. Sixty percent of the teachers used the strategies as de-

scribed, 34 percent reported some modification and six percent reported

much modification. All teachers who followed the prescribed strategies

reported them successful. Teacher feedback indicated that many of the

students were familiar with the terms "heart," "vessel" and "pulse," but

that the exact nature of the circulatory system was not well known.

The major problem with the materials was the inability of some

teachers to assemble the heart model and make it work properly. This

problem will be overcome by the functioning torso. The "hands-on"

philosophy of the program has been extremely successful in this series

of activities, as evidenced by only one of many comments we received:

"The model of the circulatory system has been one of the most fascinat-

ing, attention getting and keeping devices of the program so far. The

boys love it By allowing them to experiment in their free time with

the model they have discovered much of the things about circulation on

their own. This device aided even my slowest one in discussing the

questions freely and in a knowledgeable manner."

Three feedback forms were used to collect teacher data across

activities 28 to 38. Figures 28 to 30 show the high level of response

for student interest, pleasure and willingness.

Interest - Disinterest

100

Percent of
teachers 50
(N=16)

0

63

25

ii

63

II 25
1 hi I

13

53

i
5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Act. 28-31 Act. 32-34 opt. Act. 35-38
Figure 28. Interest of the majority of students

in activities 28 to 38

5 = high
3 = neutral
1 = low



100

Percent of
teachers 50
(N=16)

0

pleasure - Displeasure

-
50

63
53

31

6
mu

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Act. 28-31 Act. 32-34 opt. Act. 35-38
Figure 29. Pleasure of the majority of students

in activities 28 to 38

100

Percent of
teachers 50

(N=16)

0

Willingness Unwillingness

56

31

13

11

63

31

6
mm

53
47 --

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Act. 28-31 Act. 32-34 opt. Act. 35-38

Figure 30. Willingness of the majority of students
to participate in activities 28 to 38

5 = high
3 = neutral
1 = low

5 = high
3 = neutral
1 = low

Most teachers felt the activities under objective 106 were impor-

tant for their students. One teacher, however, felt that her students

already knew the relationship between heartbeat aad pulse and marked

this series of activities as unimportant for her students. Two teachers

felt that the optional activity 34 was not necessary and marked it as

not being useful (see Figure 31).

100

Percent of
teachers 50
(N=15)

0

..48
39

10 4

58

24

8 10

33

i 12

5 = important
3 = OK
1 = useless

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Act. 28-31 Act. 32-34 opt. Act. 35-38
Figure 31. Importance to students of activities 28 tc 38



Figure 32 shows the proportion of students who were able to per-

form the behaviors specified by the six subobjectives of objective 106.

100

Percent of
teachers 50

(N=15)

0

16

53

23
33

46

17

43

26

-
23

All 3 1 1 <1 0 All 3 1 1 <1 0 All 3 1 1 <1 0

4 2 4 4 4 2 4 4 4 2 4 4

Act. 28-31 Act. 32-34 opt. Act. 35-38

Figure 32. Proportion of students able to perform
on subobjectives of objective 106

The range of teachers estimating that three-fourths or more of

their students experienced success in performing the desired behaviors

in this series was from a maximum of 75 percent for activities 32 to

34 optional to a low of 69 percent for the remaining activities. The

percentage estimating that one-half or more of their students success-

fully performed the desired behaviors was 93 percent for activities

28 to 31 and 92 percent for activities 32 to 34 optional and 35 to 38.

The percentage of teachers rating this series of subobjectives as

important was quite high. The ratings of the teachers who experienced

problems also stand out clearly (see Figure 33) .

100

Percent of
teachers 50

(N=15)

0

62 61 62

_
29 26 2419

is in L. 5 9

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

65

5 = important
3 = OK
1 = useless

Act. 28-31 Act. 32-34 opt. Act. 35-38

Figure 33. Ir,ortance of the subobjectives of objective 106
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Five item pairs were designed to sample achievement on this

objective.

wNEDE CAN A PULSE 8E PELF,

MAP.. AN / IN T.E C Pc,E ON THE
APR.. THAT TS,g.ES THE PULSE.

WHERE CAN A PULSE BE FELT',

PARR AN X IN THE LIRCIA ON THE
ARROW THAT TOUCHES THE PULSE

Item pair 2-A, 15-B provides achievement data for this objective

and functions at the cognitive level of knowledge. Mean net gain from

pretest to posttest for the experimental group was 23 percent (from 69

to 92 percent). Since there was a mean net loss of 16 percent (from

71 to 55 percent) in the control group, we conclude that the experi-

mental group gains were due to the effect of instruction. The biserial

Table 42. I..em Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M O A B C D M O Pre Post

Experi-
mental

A-2

B-15
79

87

13

72

16

3

66

7

5

16

0

0

0

0

87

79

2

95

7

1

89

1

2

3

0

0

0

0

.41

.64

.76

.50

Control
A-2

B-15

80

88

8

76

9

6

66

5

15

14

3

0

0

0

88

80

9

43

8

44
67
5

15

9

1

0

0

0

.61

.28

.41

.52

Table 43. Pretest to Posttest Changes
(The response choice for A-2 is cited first.)

[
Item Pair A-2, B-15 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C A C+A A D A+D B C B+C D B D+B

Experi-
mental

Control

+23 +23

+1 -23

+23

-16

-11

+1

-13

-5

-13

-2 -1

-6

0 0

-3

0

-2

+38

-2

+19

5,
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correlations indicate that the items are good discriminators. The

instructions in the stem should be changed to "Mark an X on the line..."

WHICH PAPT ,CAUSES PULSE BEAT,

IARK AN Y IN THE C:PCLE ON THE
LINE THAT CO mES FROM THE POT

WHICH PACT CAUSES PULSE BEAT/

MARK AN ) IN THE CIRCLE ON THE
LINE THAT COMES FROM THE PART.

Item pair 7-A, 12-B provides baseline information for this objec-

tive and functions at the cognitive level of comprehension. The mean

net gain from pretest to posttest for the experimental group was three

percent (from 79 to 82 percent) and the control group showed a mean

net loss of two percent (from 71 to 69 percent). Although the experi-

mental group gain attributable to the effect of instruction was small,

the response pattern for the distractors yields valuable information.

A total of 14 percent of the experimental group chose the pulse site

at the wrist as causing pulse beat, after instruction. A possible

vocabulary problem may be present in this item. The stem should be

changed to "Which part makes the pulse beat," thus enabling the staff

to determine if the word "cause" is the source of the problem. The

Table 44. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student

Group
Item

#

Pretest Posttest
rb

N
Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-

mental
A-7
B-12

79

87
13

0

1

20
81

78
4

2

0

0

1

0

87
79

11

1

2

18

84

80

1

1

1

0

0

0

.39

.22

.64

.34

Control
A-7
B-12

80

88
13

5

0

27

80

63
6

5

1

1

0

0

88
80

30

1

2

23

64

75

5

0

0

1

0

0

.41

-.08
-.13
.20



L

68

Table 45. Pretest to Posttest Changes
(The response choice for A-7 is cited first.)

Item Pair A-7, B-12 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C C C+C A B A+B B A B+A D D D+D

Experi-
mental

Control

+3

-16

+2

+12

-2

+17

-2

-4

+1

-4

-3

-1

-1

-5

-2

-2

biserial correlations indicate that the items are reasonable discrim-

inators.

.71`%; RN 'M

Par:: TRL:'
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VGA P+ AN X 0, CK1,1E

R h.:4 'Ilk
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Item pair 10-A, 3-B functions at the cognitive level of application.

Mean net gain from pretest to posttest for the experimental group was

14 percent (from 42 to 56 percent). There was a mean net loss of nine

percent (from 46 to 37 percent) in the control group. The experimental

group gains can be accounted for by a shift from choosing 21 and 11.

However, the gain of three percent (from 12 to 15 percent ) on 13 indi-

cates that some students with visual reception problems may not be

able to discriminate between the 13 and the 15. A reasonable sequence

of response choices would be 11, 15, 17 and 21. There is clearly an

effect due to instruction in the experimental group and the biserial

correlations indicate that the items are excellent discriminators.
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Table 46. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

A B C D M O A B C D M O Pre Post

Experi-
mental

A-10
B-3

79

87
28

15

46

11

13

38

14

34

0

1

0

0

87

79

29

9

41

8

22

71

8

11

0.

0

0

0

.31

.46

.42

.52

Control
A-10
B-3

80

88

24
10

45

20

18

47

14

20

0

2

0

0

88
80

16

4

35

29

31

39
.......

16

27

2

1

0

0

.57

.44

.25

.69

Table 47. Pretest to Posttest Changes
(The response choice for A-10 is cited first.)

Item Pair A-10, B-3 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B C B+C A D A+D C B C+B D A D+A

Experi-

mental

Control

-5 +33

-10 -8

+14 +1

-8

-23

+7

-11

-1

+9

+13

-3

+9

+3

+11

-6

+2

-6

-6

-7

-2

Item pair 16-A, 13-B provides baseline informatlon for this objec-

tive and functions at the cognitive level of knowledge. Mean net gain

from pretest to posttest for the experimental group was 12 percent (from

71 to 83 percent) and mean net gain for the control group was 11 percent

(from 51 to 62 percent). Experimental group gains are attributable to

shifts from air and saliva to the correct response, blood. There was

WHICH OF THESE DOES THE HEART PUMP

AIP, BLOOD, SALIVA, STOMACH JUICER,

MARK AN X ON YOUR CHOICE.

AIR

A

BLOOD SALIVA STOMACH

JUICES

WHICH OF THESE DOES THE HEART PUMP:

,STOMACH JUICES, SALIVA, BLOOD, AIR'

MARK AN X ON YOUR CHOICE.

STOMACH

JUICES
SALIVA BLOOD

1 3 -

FAIRS
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a small gain of two percent (from three to five percent) in choosing

stomach juices. Since the term "stomach juices" has been changed to

"digestive juices" in the ME NOW materials, this charge should also be

made in this item. This inconsistency in terminology could account

for a somewhat lower gain than was anticipated.

Pretest tb posttest gains are similar in the experimental and

control groups. However, the higher percentage of students choosing the

correct response in the experimental group (83 versus 62 percent), to-

gether with the large gains in biserial correlations (.26 in both forms)

for the experimental group, leads us to conclude that there was an

effect due to instruction measured by this item pair.

Table 48. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of NABCDMO A B C D 'M 0 Pre Post

Expeii-
mental

A-16
B-13

79

87

16

3

70

2

10

72

4

20

0

2

0

0

87

79

9

5

85

3

0

80

5

13

1

0

0

0

.54

.29

.80

.55

Control
A-16
B-13

80

88

25

7

58

1

5

45

11

44

1

2

0

0

88

80

25

3

53

6

9

71

10

20

2

0

0

0

.46

.51

.49

.28

Table 49. Pretest to Posttest Changes
(The response choice for A-16 is cited firSt.)

Item Pair A-16, B-13 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B+C A+D C C+B D A D+A

Experi-
mental

Control

+15 +8

-5 +16

+12

+11 0

-7

+22 +12

-10

4

+1

+5 -1

+2

-4

+2

-2



IF THE PULSE BEATS 13 TIMES. HOW MANY

TIMES DID THE HEART BEAT'

MARK AN X ON YOUR CROKE.

A

25-A IF THE PULSE BEATS 13 TIMES. HOW "A4Y

TIMES DID THE RT BEAT"

MARK AN X 04 fOUR CHCICE

71

Item pair 25-A, 28-B functions at the cognitive level of application.

Mean net gain from pretest to posttest for the experimental group was

21 percent (from 28 to 49 percent) and can be accounted for by shifts

from all distractors. However, 33 percent of the experimental group is

still choosing 15 instead of 13 for the correct response. This result,

together with the result from item pair 10-A, 3-B, brings us to the

definite conclusion that many EMH students with visual reception prob-

lems cannot distinguish between 13 and 15. The sequence of 11, 13, 17

and 21 should be used for this item.

There was a mean net loss from pretest to posttest for the control

group of four percent (from 34 to 30 percent). This leads to the con-

clusion that this item pair measures a definite gain due to the effect

of instruction.

Table 50. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 ABCDMOPre Post

Experi-
mental

A-25
B-28

79

87

14

24

33

43

37

24

16

9

0

0

0

0

87

79

8

13

43

28

38

56

11

4

0

0

0

0

.41

.67

.50

.63

Control
A-25
B-28

80

88

15

11

31

32

36

36

18

19

0

1

0

0

88

80

15

24

25

38

44

35

14

4

2

0

0

0

.60

.34

.32

.78
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Table 51. Pretest to Posttest Changes
(The response choice for A-25 is cited first.)

Item Pair A-25, B-28 Percent Change, Pretes* to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B C B+C A D A+D C B C+B D A D+A

Experi-
mental

Control

+10

-6

+32

-1

+21

-4

-6

0

-5

-15

-5

-7

+1

+8

-15

+6

-7

+7

-5

-4

-13

+13

-8

+5

Objective 107. Students will infer a relationship between food

and blood and describe barriers between them. Three student activities

and other instructional strategies were designed to develop student

competencies to achieve this objective. Eighty-one percent of the

tea :rs used the prescribe-1 strategies, 19 percent reported Lome

modifications. A few minor problem: with worksheets were encountered

and the worksheets have been revised.

Figure 34 shows that student reactions wste high,but not as

high as with some previous activities. Some of the activities in this

series utilize slides and nnc laboratory equipment. The following

teacher's comment illustrates the students' reaction, "Activities

limited to only questions and the sl',qes seemed to have 'turned the

boys off' somewhat especially when they have tasted the excitement of

being allowed to totally participate in some of the other activities.

You.have also made my job that much more challenging in that I must

keep participation in the other subject areas equally as interesting

and challenging."

Figure 35 shows that the activities were considered important

for EMH students.



100

Percent of
teachers 50

(N=16)

100

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

-44
38

19

44 44

II 13

50

31
19

5 4 3 2 1 4 3 2 1 5 3 2 1

Figure 34. Reaction of the majority of sttdents
to activities 39 to 41

100

Percent 50

0

5 4 3 2 1

II

Percent of
teachers
(N=15)

Important OK Useless

Figure 35. Importance to students of activities 39 to 41

100

50 40 50
Percent of

8 11 9 teachers
0

2
(N=15) 0

All 3 1 1 ,1 None
4

Figure 36. eroportion of
students able to perform
on subobjectives of objec-

tive 107

56

3i2 1

5 4 3 2

Important OK Useless

Figure 37. Importance of the
subobjectives

73

5 = high
3 = neutral
1 = low

Figure 36 shows the proportion of students who were able to perform

the behaviors specified by the two subobjectives of objective 107.

Forty-eight percent of the teachers reported that three-fourths or

more of their students could perform the behaviors specified by the

subobjectives. Seventy-eight percent reported that one-half or more

of their students could perform the L.pecified behaviors. Figure 37
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shows that teachers judged the subobjectives to be important.

Four item pairs were designed to sample achievement on this

objective.

WHICH OF THE FOLLOWING BECOMES FECEC,,

MARK AN X ON YOUR CoJICE.

BLOOD

A

NOA AGESTED

FOOD

WATER

.4-A WHICH OF THE FOLLOWING BECOMES FECES/

MARK AN X ON YOUR CHOICE

DIGESTED

FOOD

DIGESTED

FOOD

A

WATER
NON-DIGESTED

FOOD

BLOOD

Item pair 14-A, 22-B functions at the cognitive level of knowledge.

This item pair was relatively difficult with a mean net gain from pre-

test to posttest of eight percent (from 26 to 34 percent) for the

experimental group. Almost unanimously, teachers recommended that the

response choices be placed in the stem and read to the students. This

should be chang,.d in the revised items. There was a mean net gain from

pretest to posttest of two percent in the control group. The biserial

correlations in both Forms A and B posttests indicate that the items

are good discriminators. The change in biserial correlations from

Table 52. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

14-14

3-22

79

87

22

30

29

21

15

23

33

25

1

1

0

0

87

79

22

28

24

11

17

44

37

16

0

0

0

0

.04

.04

.33

.40

Control
A-14
B-22

80

89

14

31

36

25

6

27

43

16

1

1

0

0 ,

88

8C

16

21

25

16

19

41
39

21

i

0

0

0

.19

.05

.28

.10
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Table 53. Pretest to Posttest Changes
(The response choice for A-14 is cited first.)

Item Pair A-14, E-22 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B C B+C A D A+D C B C+B D A D+11

Experi-
mental

Control

+21

-9 +14

0

+2

-9

+5

-5

+3 +13

-10

-9

+4

-4

-2

-10

+2

-7

pretest to posttest in the experimental group indicates a significant

change attributable to instruction.

WHICH MATERIAL

SALIVA, STARCH,

MARA AN X ON YOUR

CAN BE

SUGAR,

C

FOUND IN BLOOD

STOMACH JUICE',

OICE.

'4HIC,, MATERIAL

SUGAR STARCH,

MAP AN X (N VO

CAN SE

-ALIVA,

C410(E.

FOUND IN i.100,

STOMACH JUIC:"4

SALIVA STARCH SUGAP
STOMACH

JUICE
SUGAR STARCH

A A

ALIVA1 7TOMAEH MILE

Item pair 26-A, 26-B functions at the cognitive level of knowledge.

There was a net loss from pretest to posttest of five percent (from 38

to 33 percent) in the experimental group, which is accounted for by

shifts to choosing starch and stomach juice. Two possible problems are

identified here. First, the conversion of starch to sugar during

digestion needs to be more explicit in the experiments conducted by the

students. By substituting diabetic crackers that contain no sugar and

give a positive starch test, it will be possible to show more clearly

the conversion of starch to'sugar. The crackers that were used during

instruction yielded positive sugar and starch tests prior to digestion,

tnus making any conclusion concerning starch-to-sugar conversion very

nebulous and difficult. The second problem concerns the use of the term
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Table 54. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

A-26

B-26
79

87

11

38

6

16

37

24

46

22

0

0

0

0

87

79

20

39

16

14

28

10

37

37

0

0

0

0

-.06

.46

.57

.72

Control A-26

B-26
80

88

16

51

15

8

35

17

34

23

0

1

0

0

88

80

13

41

14

11

38

15

35

33

1

0

0

0

.38

.45

.33

.40

"stomach juice." This has now been changed to "digesti"e juice" in the

ME NOW materials and this same change should be made here.

There was also a mean net loss from pretest to posttest of four

percent in the control group. From the response data alone it appears

that this item did not measure any significant effect due to instruction.

However, an examination of the bise:'ial correlations indicates a strong

improvement in the experimental group and a decline in the control

group. This leads to the conclusion that this item pair did measure

an effect due to instruction in the experimental group.

Table 55. Pretest to Posttest Changes
(T!'2. response choice for A-26 is cited first.)

Item Pair A-26, B-26 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

C A C+A

Experi-
mental -9 +1 -14

Control +3 -10 -3 -2

Parallel Distractor Pairs

A+C B B B4-B D D D+D

-2

+3

+4

- +2

-9

+1

+15

+10

+3

+6



Item pair 27-A, 29-B functions at the cognitive level of applica-

tion. The mean net gain from pretest to posttest of 21 percent (from

WHICH PIECES OF FOOD APE MOST READY TO

GO INTO THE MOD'

MARK AN X ON vOJR CmOl(E.

WkICM PIECE', OF FOOD Aid MOST READY TO

2,-A n INTO THE BLOOD'

MARK AN X ON YOUR C9OICE.
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:9-9

61 to 82 percent) in the experimental group can be attributed to shifts

to the correct response from all distractors. There was a mean net

gain of eight percent (from 57 to 65 percent) in the control group.

This result leads to the conclusion that this item pair measures an

Table 56. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-27
B-29

79

87

3

10

13

56

18

21
66

9

1

2

0

0

87

79

3

6

5

80

7

9

84
5

1

0

0

0
.63

.64

.86

.85

Control A -2

B-29
80

88
8

9

14

60
24
17

54
10

1

3

0

0

88

80

7

14

6

54

10

28
75

5

2

0

0

0

.32

.67

.52

.29

Table 57. Pretest to Posttest Changes
(The response choice for A-27 is cited first.)

Item Pair A-27, B-29 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distract-3r Pairs

D B D+B A+A C B+C C D C+D

Experi-

mental

Contr)].

+18 +24

+21 -6

+21

+8

0

-1

-4

+5

-12

+11

-10

+1

-11

-14

-4 -7

-9
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increase in learning due to the effect of instruction. Student inter-

views confirmed this conclusion. A typical response was, "Since I

can't see anything in blood, pieces of food must be awfully small if

they are there." The biserial correlations for the experimental group

are exceptionally strong.

SUGAR IN YOUR ARM WAS ONCE A PART OF

BLOOD VESSEL, STOMACH., HEART. CRACKER.

MARK AN X ON YOUR CHOICE.

BLOOD VESSEL STOMACH HENP,T

SUGAR IN THE BLOOD IN YOUR TOE WAS

:R-A ONCE A PART OF HEART, BREAD STOMACH.

BLOOD VESSEL,

MARK AN X ON YOUR CHOICE.

CRACKER HEW SLICE OF BREAD STOPACm Kom VESSEL
D

Item pair 28-A, 14-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest for the experimental

group was 11 percent (from 19 to 30 percent), and for the contml group

there was a mean net loss of four percent (from 25 to 21 percent). The

biserial correlations for the experimental group were more uniform than

were those obtained for the control group, and also indicated that the

items are reasonably good discriminators. However, the entire response

pattern reflects some confusion, even though there was a shift fron

choosing the blood and stomach to choosing the cracker. After instruc-

tion in the experimental group, 17 percent chose the blood vessel,

15 percent chose the stomach, and 18 percent chose the heart. If one

considers the item in a "Gestalt" view, any of the four choices would

be correct, since the sugar in the arm was once inside of the blood

vessels, heart and stomach. Although the item does reflect growth due

to instruction, it should either be revised or discarded, since the

apparent confusion is considered to be attributable to tha item and

probaLly not to instruction.
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Table 58. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M O A B C D M O Pre Post

Experi-
mental

A-28
B-14

79

87
29

16

27

18

18

18

27

53
0

1

0

0

87

79
41

20

8

25

16

22

34

33

0

0

0

0

.09

.58

.32

.39

Control
A-28
B-14

80

88

34

22

13

14

16

11

36

53
0

0

0

0

88

80

41

16

23

24
16

15

19

45

1

0

0

0

.29

.32

-.04
.54

Table 59. Pretest to Posttest Changes
(The response choice for A-28 is cited first.)

Item Pair A-28, B-14 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D B D+B A D A+D B C B+C C A C+A
Experi-
mental

Control

+14

-)7 +10

+11

-4

+12

+7

-20

-8

-19

+10

+4

+4

-2

0

+4

-6

+1

-3

Objective 108. Students will observe and describe movement of

solutions through membrane barrierJ. Three student activities and other

instructional strategies were designed to develop student competencies

to achieve this objective. Fifty percent of the teac,.ers used the

strategies as described, 4 percent reported some modification. Sr.ne

teachers experienced difficulties in oning the collodion tubing even

though they had practiced this during the training session in Boulder.

Consequently, instructions on how to open the tuning were included in

the revised materials.

Figure 38 shows that student attitudes were very high for this

series of activities. T%-o typical comments from teachers were, "Once
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the color change began to take place in the smaller tube, the eyes

of ten young men practically popped out of their heads." "Wow!: My

usual deadheads were so excited and motivated. I had told them the

day before that some magic happens in our intestines 'but,' I said,

'you won't believe me if I tell you so you'll have to wait and see.'"

100

Percent of
teachers 50
(N=16)

0

Interest
Disinterest

Pleasure

Displeasure
Willingness

Unwillingness

53
47

60

40

60

40
_

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 38. Reaction of the majority of students
to activities 42 to 44

5 = high
3 = neutral
1 = low

Figure 39 shows that the activities are important for EMH students.

100

Percent 50

0

Important

64

7

5 4 3 2 1

II

Percent of
teachers
(N=15)

Useless

Figure 39. Importance to students of activities 42 to 44

Figure 40 shows the proportion of students able to perform the

behaviors specified by the three subobjectives of ob;...ctive 108.

Sixty-six percent of the teachers estimated that three7fourths or more

of their students could perform the specified behaviors, 88 percent

indicated that one-half or more of their strJents could perform the



100

50 51

Percent of
teachers

0 (N=15)
All 3 1 1 ,1 None

4 2 4 4

Figure 40. Proportion of
students able to perform
on subobjectives of

objective 108

100

50

5 4 3 2 1

Important Useless

Figure 41. 1.,Iportance of the

subobjectives

specified behaviors. Figure 41 shows the very high importance rating

given to these subobDectives by the teachers.

Three pairs of test items were designed to assess student achieve-

ment on this objective.

weIC PICILPL SHOPS PIECES OF 1,000 IN

SOLUTION PASSIM TE.P9b4 MOI"XSP

KAP+, AN X ON THE CONNECT t(XJK,

mr1
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Item pair 15-A, 25-B provides baseline data for this objective

and functions at the cognitive level of comprehension. This item pair

gives a good clue concerning the ability of mentally handicapped stu-

dents to relate a word description to specific pictures. Mean net gain

from pretest to posttest was four percent (from 68 to 72 percent) for

the control group. The biserial correlations on the posttest were higher
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Table 60. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
rb

N

Percent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

A-15
B-25

79

87
4

11

11

15

9
60

76

11

0

1

0

1

87
79

13

6

15

8

2

75

70

11

0

0

0

0

.47

.43

.57

.51

Control
A-15

B-25
80

88
11

16

9

14

10

56

70

14

0

1

0

0

88
80

6

11
14

8

14

64

66

18

1

0

0

0

.11

.36
.43

.35

for the experimental group than for the control group, but the items

were good discriminators in both groups. Little effect, if any at all,

can be attributed to instruction on this item pair. Improvi,17 the

artwork by using an opaque membrane may help improve this item pair.

Table 61. Pretest to Posttest Changes
(The response choice for A-15 is cited first.)

Item Pair A-15, B-25 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D C D+C A D A+D B A B+A C B C+B
Experi-
mental

Control

-6 +15

-4 +6

+4

+2

+9

-5

0

+4

+4

-1

+4

+5

-5

-5

0

v

-7

+4

-7

-6

-7

Itell pair 19-A, 23-B provides baseline infcrmation for tnis objec-

tive and functions at the cognitive level of app.L.cation. Mean net

WRICN Will DISSOLVE IN WATEP AND FORM

A SOLUTION/

MAO% AN X OA YOUR 0101a.

MARBLES

A

SALT POPCORN

:9-A WWICW WILL DISSOLVE IN WATEP AND EOM"

A SOLUTION,

MARK AN X ON IOW, (MOIL[,

WOOD RC'V.S1
A

SALT PEANUTS PINS
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Table 62. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
rb

N

Percent of N

N

Percent of N

ABCDMO ABCDMO Pre Post

Experi-
mental

A-19
B-23

79

87

10

7

75

72

11

11

4

8

0

1

0

0

87

79

7

1

83
86

8

9

2

4

0

0

0

0

.52

.35

.45

.50

Control
A-19
B-21

80

88

9

8

66

73

14

14

9

3

1

2

1

0

88

80

3

4

76

81

16

9

2

5

2

1

0

0

.30

.58

.56

.51

gain from pretest to posttest was 11 percent (from 73 to 84 percent)

for the experimental group and eight percent (from 70 to 78 percent)

for the control group. The biserial correlations were high for both

groups, indicating that the items are goo" discriminators. These

results indicate that no effect due to instruction is measured by this

item pair. Prior student knowledge about the meaning of the word

"dissolve," however, could enable the students to deduce the correct

response without instruction. Teachers' comments suggest that higher

gains would be achieved if the response choice were read to the

students. This change should be made.

Table 63. Pretest to Posttest Changes
(The response choice for A-19 is cited first.)

Item Pair A-19, B-23 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B+B A+A C C+C D+

Experi-
mental

Control

+8 +14

+10 +8

+11

+8

-3 -6

-4 -

3

+2

-

-5

-3

-1

-2

-7

-4

+2

-3

3
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IN wJ.T PART OE`_ TH: IAGESTED FOOD IN

;CUTION So INTO THE BLOOD',

MAR, AN / IN THE CIRCLE CN TN( ,!NE

THAT TOUCHES THAT PART.

'r",, IN WHAT PART DOES THE DIGESTED FOC; IN //'

SOLUTION GO INTO THE BLOW

MAP. AN X IN THE CIRCLE ON THE LINE

THAT TOUCHES THAT PART.

Item pair 30-A, 27-B functions at the cognitive level of compre-

2 -

hension. Mean net gain from pretest to posttest for the experimental

group was 16 percent (from 49 to 65 percent). For the control group,

this was two percent (from 51 to 53 percent). The gain for the experi-

mental group can be accounted for by shifts from all distractors to the

correct response. These results indicate that this item pair is meas-

uring an effect attributable to instruction. The biserial correlations

Table 64. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C 0 M 0 A B C D M 0 Pre Post

Experi-
mental

A-30
B-27

79

87

9

24

29

43

56

26
5

6

0

0

0

1

87

79

14

6

21

68

62

23

3

1

0

1

0

0

.32

.30

.35

.55

Control
A-30
B-27

80

88

9

11

34

52

50

30

6

6

0

1

0

0

88

80

11

14

32

54

52

28

2

5

2

0

0

0

.31

.33

.21

.27

Table 65. Pretest to Posttest Changes
(The response choice for A-30 is cited first.)

Item Pair A-30, B-27 Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B C+B A A A+A B C B+C D D D+D

Experi-
mental

Control

+6

+2

+25

+2

+16

+2

+5

+2

-18

+3

-3

-2

-2

-4

-5

-1

-4

-3
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indicate that the items are good discriminators. The instructions in

the stem should be changed to "Mark an X on tne line..."

Objective Achievement Tests

Descriptive Data and Interpretation. Pretests were administered

to experimental classes between November i and 7, 1970 and to control

classes between November 9 and December 4, 197C. Some minor corrections,

mostly concerning colors, were made in the test slides between pretest

and posttest administrations.

Differences in the amount of class time spent per activity and

in the amount of time devoted to science instruction each week caused

a wide difference in administration dates within the experimental

group. The earliest was January 4, 1971 and the latest was March 1,

1971. Control group posttests were administered between January 7 and

20, 1971.

Raw score frequency distributions on the tests for both experi-

mental and control groups are shown in Table 66. Tables 67 and 68

provide more detailed descriptive data on pretest and posttest scores

and on residual gain scores, calculated by using the raw regression

coefficient for the combined experimental and control classes. The

interpretations that follow are based upon the data provided in these

tables.

1. Students using Forms A and B in the experimental classes had

similar pretest means, well within the standard error of measure-

men of the instruments.
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Table 66. Frequency Distribution of Raw Scores for
Test Forms A and B, Experimental and Control Groups

Experimental Groups Control Groups

Raw
Scores

Pre

A
Post
B

Pre
B

Post
A

Pre

A
Post
B

Pre
B

Post
A

30

28-29 8 2

26-27 9 1 7 2 1

24-25 4 16 8 3 3 1

22-23 3 9 2 17 5 3 1 5

20-21 7 10 8 25 5 9 7 10

18-19 18 12 14 9 10 13 21 16

16-17 19 7 17 4 21 17 15 21

14-15 9 3 17 4 12 20 18 16

12-13 16 1 14 3 13 9 9 9

10-11 3 2 5 7 8 4 12 5

8-9 1 6 2 3 2

6-7 1 2 1 1

4-5 1 1

2-3

0-1

Totals 79 79 87 87 80 80 88 88

2. Students using test Forms A and B in the experimental classes had

similar posttest means. The unadjusted posttest means were well

within the standard error of measurement of the instruments.

Posttest reliabilities were above the minimum acceptable level

of .70. Fourteen of 16 experimental classes showed positive mean

residual gain scores. The negative mean residual gain scores

were not seriously low. A multiple stepwise regression to deter-

mine tIle effects of independent variables on posttest scores was

performed. Examination of the multiple regression output to
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determine the most influential variable(s) was followed by an

analysis of covariance to determine if there were significant

differences between classes on posttest scores, with the pretest

score held as a covariate. An analysis r)f variances on residual

gain scores was also performed to confirm the results of the

analysis of covariance.

3. Students using Forms A and B in the control classes had similar

pretest means, well within the standard error of measurement of

the instruments. The control group posttest scores, as well as

the pretest-to-posttest gain, were all within the standard error

of measurement. The control group classes, then, did not change

their performance from pretesting to posttesting. A one-way

analysis of variance was computed on residual gain scores to

determine if a significant difference existed between the experi-

mental and control groups.

Multiple Stepwise Regression Analysis

Experimental Group, Unit I. To determine the effect on posttest

scores, if any, of the independent variables, the following questiop

was investigated: "Is there a significant difference in the level of

achievement on the posttest among students in EMH classes having

different background variables?"

The following independent variables were used to test this

question: sex, age, WISC Full Scale IQ, race, teacher's assessment

of reading achievement, teacher's assessment of verbal participation,

time elapsed between pretest and posttest, and pretest score. Since
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Forms A and B are parallel forms, all student scores were pooled and

treated as the results of one test.

The test statistic used in testing the question is the F-statistic

generated for each independent variable in the last step of the multiple

stepwise regression:

2

F
a(v1, v2) 58.

where ai represents the weight of the independent variable (slope

of the regression line).

SB. represents the standard error of the weight of the

independent variable.

The results for the posttest administered to the 166 students in

the Unit I experimental group are summarized in Table 69.

Table 69. Results of Multiple Linear Regression Analysis,
Experimental Group, Unit I. N = 166

Independent Variable a.
1

S13.
1

F

Sex

Age

WISC Total IQ

Race

Reading

Achievement

Verbal
Participation

Pretest

Time

-0.6619

0.0464

0.1205

-0.0483

0.2563

0.3729

0.6576

0.1636

0.6130

0.0194

0.0365

0.4525

0.2398

0.2558

0.0833

0.1457

1.1659

5.7548*

10.9084**

0.0114

1.1426

2.1247

62.3910**

1.2612

*Significant at the .025 level,
F.025(1,157)

5.02

**Significant at the .001 level, F.
001(1,157)

= 10.83
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The F-value for each independent variable determines the level

at which that variable is a significant predictor of a score on the

posttest instrument.

Discussion

The data indicate that sex, race, teacher's assessment of reading

achievement and verbal participation, and time elapsed between adminis-

tration of pretest and posttest are not significant predictors of

success on the posttest. The pretest and WISC Total IQ, however, are

highly significant predictors of success on the posttest (P<.001). Age

is also a significant predictor of success on the posttest (P>.025).

These results indicate that prior knowledge of the concepts measured by

the test instrument and WISC Full Scale scores were the best determi-

nants of whether or not the experimental group students attained high

scores on the posttest. Test analysis shows that 13 of the 30 items

were aimed at baseline information and that 16 of the 30 items involved

cognitive levels higher than factual recall. With 43 percent of the

items aimed at baseline information, the high predictive value of the

pretest is not surprising. In the Spring, 1970 testing, the pretest

was also a significant predictor of success (P<.01), but age and WISC

Full Scale IQ were not. The inclusion of age and WISC Full Scale IQ

as significant predictors of posttest scores on the 1970-71 test in-

struments can probably be accounted for by the fact that 16 of the 30

items involve higher cognitive levels. It seems reasonable to assume

that the more intelligent and/or slightly older students would be able

to function better at these higher cognitive levels than less intelligent

and/or younger students. An analysis of variance based on a 3x3 factorial

design was performed on residual gain scores to investigate this inference.
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Table 70. Matrix of Correlation Coefficients

Experimental Group, Unit I

Age
Total
IQ Race

Reading Verbal
Achieve- Partici- Pre-
ment pation test Time

Post-

test

Sex

Age

Total IQ

Race

Reading
Achieve-
ment

Verbal
Partici-
pation

Pretest

Time

-.138 1.166

-.049

-.062

-.171

-.066

.080

.271

.294

-.118

-.040

.092

.307

-.176

.387

-.241

.250

.411

-.047

.168

.080

.018

-.210

-.133

.4-5

-.141

-.163

-.023

-.238

.287

.A69

-.063

.279

.230

.665

-.032

Table 71. Multiple Stepwise Regression Analysis
Experimental Group, Unit I

Step
Num-
ber

Variable
Entered r

Multiple

r
2

Increase

in r
2

No. of
F-Value Independent

to Remove Variables

1 Pretest .6649 .4421 .4421 129.9423 1

2 Total IQ .6989 .4884 .0464 14.7708 2

3 Age .7178 .5153 .0269 8.9790 3

4
Verbal Par-
ticipation

.7244 .5247 .0094 3.1828 4

5 Time .7272 .5288 .0041 1.3900 5

6 Sex .7288 .5311 .0023 0.7883 6

Reading
7 Achieve-

ment
.7311 .5345 .0034 1.1467 7

8 Race .7311 .5345 .0000 0.0114 8
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The effect of the pretest accounts for approximately 44.2 percent

of the variance in the regression equation. This datum is determined

by the multiple r
2

in Table 71. With the 16-item instrument used

during the Spring, 1970 testing of Unit I, the pretest accounted for

only 23.6 percent of the variance in the regression equation. The

change from 23.6 to 44.2 percent of the variance being accounted for

by the pretest is a significant improvement.

The combination of pretest and WISC Total IQ as an independent or

predictor variable accounts for 48.8 percent of the variance, and the

combination of pretest, WISC Total IQ, and age accounts for 51.5 per-

cent. The inclusion of all eight independent variables accounts for

53.5 percent of the variance in the regression equation. This is a

significant improvement when compared to the 30.6 percent of the variance

accounted for by the effect of the six independent variables in the

regression equation of the Spring, 1970 testing.

Information and experience acquired by the BSCS staff in the ini-

tial testing and evaluation of Unit I have proven extremely valuable in

revising old items and writing new items for the current testing period,

as demonstrated by the higher reliability and biserial calculations.

As was indicated in the Spring, 1970 evaluation of ME NOW,

student-student and student-teacher interactions are very important

variables that need to be investigated. Unfortunately, sufficient funds

are not available for videotape equipment or for personnel trained in

interaction protocol to gather th, necessary data.

Objective Achievement Tests

Analyses of Variance and Covariance, Experimental Group, Unit I.

Two statistical tests were performed to investigate the question, "Is
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there a significant difference between experimental classes in the level

of achievement on the Unit I posttest?" The results of an analysis of

covariance are summarized in Table 72 and indicate no significant dif-

ference between classes on posttest means adjusted for differences in

pretest scores. Table 73 summarizes the means and standard deviations

for pretest and posttests for each class in the experimental group.

Table 72. Analysis of Covariance between Classes on
Adjusted Unit I Posttest Means, Pretest as Covariate

Source d.f. Mean Square

Between Groups 15 19.2449

Within Groups 164 13.8860

F -Ratio

1.4419

= 1.67, no significant differenceF
.05(15,164)

Table 73. N, Means, Standard Deviations and Adjusted Means
of 16 Classes, Experimental Group, Unit I

Class
Number N

Posttest

Mean

Posttest
Standard
Deviations

Adjusted
Posttest

Mean
Pretest
Mean

21 5 19.40 8.20 18.30 17.20

22 13 18.00 4.24 18.73 14.85

23 12 22.00 3.95 22.03 15.75

24 10 18.70 4.88 19.86 14.30

25 11 23.64 2.84 22.55 17.18

26 10 26.30 2.21 21.85 21.50

27 10 21.20 5.05 20.95 16.10

28 8 23.13 3.68 22.47 16.63

31 6 10.67 5.35 21.67 14.50

32 11 15.73 7.39 17.82 13.09

13 10 22.50 2.64 21.79 16.70

34 10 21.20 2.35 19.94 17.40

35 10 18.00 3.23 20.17 13.00

36 11 21.45 5.00 21.14 16.18

37 15 20.40 5.10 21.22 14.73

38 14 20.07 4.27 20.68 15.00
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Since the effect of a regression to the posttest mean could have

influenced the results of the analysis of covariance, an analysis of

variance was computed between experimental classes with residual gain

scores as the dependent variable. The residual gain score minimizes

the effect of the regression to the posttest mean that is inherent in

a pretest-posttest design. Residual gain is defined as the difference

between a predicted score (Y' = a + bX) and the actual score (Y) on the

posttest, or Y-Y', where:

Y' = predicted posttest score

a = Y intercept of the regression line (constant)

slope of the regression line (the within-class

pooled regression coefficient, in this case)

X = actual pretest score

Y actual posttest score
17

The within-class pooled regression coefficient was used in this

computation instead of the raw regression coefficient to preserve the

teacher effect. These are not the same residual gain scores reported

in Table 67. Table 74 shows the results of the analysis of variance,

Table 74. Analysis of Variance between Classes
on Residual Gain Scores, Experimental Group, Unit I

Source d.f. Mean Square

Between Groups

Within Groups

15

150

20.4654

13.2576

F-Ratio

1.5437

= 1.67 no significant differenceF
.05(15,150)

17
Kenneth D. Hopkins. "Regression and the Matching Fallacy in Quasi -
Experimental Research," Jrnl. of Special Education, 3(41:329-36 (1969).
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indicating no significant difference between classes on residual gain

scores. This is the same result that was obtained with the reduced,

16-item test during the Spring, 1970 testing. Table 75 summarizes the

means and standard deviations for residual gain scores for ea& class

in the experimental group.

Table 75. Residual Gain, Class Data
Experimental Group, Unit I

Class Standard Standard
Number N Mean Deviation Error Maximum Minimum Range

21 5 -2.40 5.39 2.41 3.24 -10.97 14.21

22 13 -1.97 4.53 1.26 3.91 - 9.31 13.22

23 12 1.33 3.13 0.90 6.58 - 2.87 9.45

24 10 -0.84 4.89 1.55 6.25 - 8.75 15.00

25 11 1.85 2.78 0.84 7.13 - 2.20 9.33

26 10 1.15 2.38 0.75 4.80 - 2.98 7.78

27 10 0.26 3.61 1.14 5.69 - 5.65 11.34

28 8 1.77 3.65 1.29 7.25 - 3.20 10.45

31 6 0.97 3.21 1.31 4.69 - 3.08 7.77

32 11 -2.87 5.63 1.70 4.25 -15.97 20.22

33 10 1.09 2.62 0.83 5.36 - 2.42 7.78

34 10 -0.76 2.26 0.72 2.13 - 4.76 6.89

35 10 -0.53 2.80 0.88 3.47 - 4.41 7.88

36 11 0.45 2.77 0.84 4.58 - 4.42 9.00

37 15 0.52 3.65 0.94 8.37 - 7.53 15.90

38 14 -0.02 3.42 0.91 5.59 - 6.75 12.34

Factorial Analyses, Experimental Group. The results of the

multiple linear regression on the posttest indicated that age and IQ

were significant predictors of success on the posttest (P<.001). To

further investigate this result and to minimize the effect of the re-

gression to the posttest mean, the following question was investigated:
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"Is there a significant difference in residual gain scores between

students blocked on three ranges of age and three ranges of WISC

Verbal IQ scores?"

To answer this question, residual gain scores for the 116 students

with WISC Verbal IQ data were blocked on three different ranges of acp:

<137 months, 138 to 155 months, and >156 months; and on three ranges

of WISC Verbal IQ scores: <66, 67 to 79, and >80. An analysis of

variance was performed on the residual gain scores in this 3x3 factorial

design. Table 76 contains the results of the analysis of variance,

indicating no significant difference between the three blocks of ages,

a significant difference between the three blocks of IQ scores, and

no significant interaction effects. A significance level with a P

greater than .05 is considered not to be significant. Table 77 sum-

marizes the N, means and standard deviations for the residual gain

scores by cells, rows and columns.

Table 76. ANOVA, Residucd Gain Blocked on Verbal IQ
and Age, Experimental Group, Unit I

Source d.f.
Hypothesis
Mean Square

F Significance
Level

Between Age Groups 2 15.5359 1.4908 P<.2299
Between IQ Groups 2 73.8285 7.0847 P<.0013
Interaction 4 20.4430 1.9617 P<.1056
Within Groups 107 10.4209

To determine the effect of age and WISC Performance 12 scores

on residual gain scores, the following question was investigated:

"Is there a significant difference in residual gain scores between

students blocked on three ranges of age and three ranges of WISC Per-

formance IQ scores?"
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To answer this question, residual gain scores for the 116 students

with WISC Performance IQ data were blocked on the same three ranges

of age (<137 months, 138 to 155 months, and >156 months) and WISC

Performance IQ scores (<66, 67 to 79, and >80). An analysis of

variance was performed on the residual gain scores in factorial

Table 77. N, Mean Residual Gain Scores & Standard Deviations by
Cells, Age and WISC Verbal IQ, Experimental Group, Unit I

Age
Levels

WISC Verbal IQ Levels

E Rows<66 67-79 >80

<137
N = 8 N = 17 N = 18 N = 43

months
M « -3.0447 M = 0.7127 M = -0.5216 M = -0.5031

SD = 3.8837 SD = 4.3208 SD = 3.1016

138-155
N = 8 N = 25 N = 15 N = 48

months
M = -3.3354 M = 1.3066 M = 1.5697 M = 0.6152
SD = 4.8265 SD = 2.7876 SD = 2.2374

>156

months

N= 8

M = -0.2540
SD = 2.1790

N = 12
M = -0.0714
SD = 2.5640

N= 5

M = -0.8473
SD = 2.3453

N = 25
M = -0.2850

E Columns N = 24 N = 54 N = 38
M = -2.2110 M = 0.8134 M = 0.2611

design. As summarized in Table 78, the results of the analyses of

variance indicate no significant differences between the three blocks

of ages, or the three blocks of IQ scc,res, and no significant inter-

Table 78. ANOVA, Residual Gain Blocked on Performance IQ and Age
Experimental Group, Unit I

Source d.f.

Hypothesis
Mean Square F

Significance
Level

Between Age Groups 2 15.5359 1.3531 P<.2629

Between IQ Groups 2 30.7427 2.6776 P<.0734

Interaction 4 13.6133 1.1857 P<.3214

Within Groups 107 11.4815



99

act'on effects. Table 79 summarizes the N, means and standard devi-

ations for re' ,dual gain scores by cells, rows and columns.

To de,:urmine the effect of age and WISC Full Scale IQ scores on

residual gain scores, the following question was investigated: "Is

there a significant difference in residual gain scores between students

blocked on three ranges of age and three ranges of WISC Full Scale IQ

scores?"

To answer this question, residual gain scores for the 166 students

with WISC Full Scale IQ data were blocked on the same three ranges of

age (<137 months, 138 to 155 months, >156 months) and WISC Full Scale

IQ scores (<66, 67 to 79, and >80). An analysis of variance was per-

formed on the residual gain scores in the 3x3 factorial design. In

Table 79. N, Mean Residual Gain Scores & Standard Deviations by
Cells, Age and WISC Performance IQ, Experimental Group, Unit I

A e WISC Numerical Ip Levels
Levels <66 67-79 >80 E Rows

<137
N = 8 N = 18 N = 17 N = 43

months
M = -0.2904

SD = 4.7058
M = -1.1444

SD = 4.1960
M = 0.0759
SD = 3.3246

M = -0.5031

138-155
N = 13 N = 18 N = 17 N = 48

months
M = -1.6504

SD = 4.3872
M = 1.2452

SD = 3.2349
M = 1.6806

SD = 2.0629
M = 0.6152

>156
N= 5 N= 9 N= 11 N = 25

months
M = 1.3962 M = 0.3046 M = -0.2623 M = 0.2850

SD = 1.1926 SD = 2.4003

E Columns N = 26 N = 45 N = 45
M = -1.1830 M = 0.1012 M = 0.5994

Table 80 the results of the analysis of variance indicate no significant

differences between the three blocks of ages, a significant (P<.0041)
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difference between the three blocks of IQ scores, and no significant

interaction effects. Table 81 summarizes the N, means and standard

deviations for the residual gain scores by cells, rows and columns.

Table 80. ANOVA, Residual Gain Blocked on WISC Full Scale IQ
and Age, Experimental Group, Unit I

Source d.f.
Hypothesis
Mean Square F

Significance
Level

Between Age Groups 2 33.0996 2.5189 P<.0839

Between IQ Groups 2 75.1098 5.7158 P<.0041

Interaction 4 4.0281 0.3065 P<.8733

Within Groups 157 13.1407

Table 81. N, Mean Residual Gain Scores and Standard Deviations by
Cells, Age and WISC Full Scale IQ, Experimental Group, Unit I

Age
Levels

WISC Full Scale IQ Levels
E Rows<66 67-79 >80

<137
N = 10 N = 35 N = 12 N = 57

months
M = -2.3509
SD = 5.3415.

M = -0.5371
SD = 4.6948

M = -0.4153
SD = 2.9554

M = -0.8296

138-155
N = 18 N = 43 N = 12 N = 73

months
M = -1.6844
SD = 3.9351

M = 1.3539
SD = 3.0296

M = 1.2697
SD = 1.7865

M = 0.5909

>156
N = 10 N = 21 N= 5 N= 36

months
M = -0.7741

SD = 2.4176
M = 0.4862

SD = 2.9044
M = 0.9969

SD = 3.7306
M = 0.2071

E Columns N = 38 N = 99 N = 29
M = -1.6200 M = 0.5013 M = 0.5254

Discussion

The analyses of variance were made in a 3x3 factorial design with

residual gain scores blocked in low, middle and high ranges of WISC

Verbal, Performance and Full Scale IQ scores and on three age ranges.

The results indicate that there is no significant difference between
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the three age groups when the residual gain score is the dependent

variable. In the light of this result, the fact that age was a signifi-

cant predictor of posttest scores (P<.025) is probably attribvtable in

part to the effect of a regression to the posttest mean.

There was no significant difference between the three groups of

students in low, mi high ranges of WISC Performance IQ scores.

We concluded f this result that the effect of WISC Performance IQ

on po ttest s ccess has been minimized. Although many psychomotor and

eye-h dination skills are employed throughout Unit I, students

with erformance IQ scores seemed to achieve as well as students

with high WISC Performance IQ scores. Also, no significant interaction

effects were detected between age and Verbal, Performance or Full Scale

IQ.

The result of tt'a analysis of variance, with residual gain scores

blocked on age and Verbal IQ scores, indicates a significant difference

between students in the low, middle and high IQ groups. An examina-

tion of the mean scores indicates that the middle and high IQ groups

are achieving higher residual gain scores than the low IQ group. (Since

ME NOW materials stress verbal interaction among students and between

students and the teacher, this result is not surprising.) In view of

this result, it would seem that the ME NOW materials as presently

constituted are best suited for students with WISC Verbal IQ scores

above 66.

Limited subjective data based on classroom visits by BSCS staff

members indicate that many teachers are not involving their slower

students in classroom discussions. This observation may be valid or

could be a result of the teacher involving mainly verbal students to
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"look good" for visiting personnel. Special efforts will have to be

made by BSCS personnel to suggest ways in which teachers can involve

students with low Verbal IQ scores. This should be a major goal of the

team revising the Unit I materials.

The results of the analysis of variance with residual gain scores

blocked on age and WISC Full Scale IQ scores indicates a significant

difference between students in the low, middle and high IQ groups.

An examination of mean residual gain scores reveals that the middle and

high TQ groups are achieving higher success than students in the low

group. This result indicates that the ME NOW materials are successful

aith a large part of the EMI population, ages 11 to 13, but teachers

will need to provide additional help and stimuli to students in the

low IQ ranges. Again, BSCS personnel should include suggestions for

the teacher in the revised Teacher's Guide on how to overcome this

problem.

Experimental-Control Group Analyses. To investigate the question,

"Is there a significant difference between the experimental and control

groups in the residual gain scores?" these scores were calculated using

the raw regression coefficient, obtained by pooling all experimental

and control students, and an analysis of variance was performed on the

residual gain scores between the two groups. Table 82 summarizes the

mean residual gain scores and standard deviations for both groups.

Table 83 summarizes the results of the analysis of variance,

indicating a significant (P<.001) difference between the experimental

and control groups.
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Table 82. Residual Gain Means and Standard Deviations
Experimental and Control Groups, Unit I

Group N Mean Standard
Deviations

Experimental 166 2.1254

Control 168 -2.1002

3.7501

2.8280

Table 83. ANOVA, Experimental and Control Residual
Gain Scores, Unit I

Source d.f. Mean Square F-Ratio

Between groups 1 1490.8623 135.3835**

Within groups 332 11.0121

**F

.001(1,332)
= 10.83, significant at the .001 level

Discussion

The results of the analysis of variance indicated that there

was a significant difference (P<.001) between the experimental and

control groups on residual gain scores. We therefore concluded that

the experimental Unit I maferials did have an effect on EMH students

as assessed by the objective tests. All 30 items assessed key objec-

tives in Unit I, 13 were judged to measure naseline information, and

17 were considered to be good indicators of student growth from pretest

to posttest.

Factor Analysis. To determine the structure of the Unit I

achievement tests, a Harris-Kaiser oblique, unnormalizel, orthogonal

rotation vas performed on the results of posttests A and B. For post-

test A, 18 factors were identified which accounted for 54 percent of
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the variance. For posttest B, 18 factors were identified which

accounted for 55 pekcent of the variance.

Table 84 presents the results for posttest A showing only those

factors with eigenvalues above 1. The objective measured and cogni-

tive level of each item is included, as is a hypothetical name for

each factor. The cognitive levels identified are knowledge, low

(comprehension, application), and high (analysis, synthesis, evalu-

ation.)
18

Table 85 presents the results for posttest B, showing

only those factors with eigenvalues above 1.

Factor

Table 84. Factor Structure - Unit I, Posttest A

Items Cognitive
Level

Objective Name

1 21 High 100 food-blood sugar

28 Low 107 relationships

2 10 Low 100 heartbeat-pulse

25 High 100 relationships

3 6 Knowledge 105 sugar test-digestion

17 Knowledge 104

4 2 Knowledge 106 heartbeat-pulse

7 LOW 106 relationships

5 8 Knowledge 101 food-stomach action

9 High 105

6 4 Law 100 graphing-functions

5 Knowledge 103 of mouth parts

10 Low 100

24 Low 103

2 Knowledge 106

18
Benjamin S. Bloom (Editor). Taxonomy of Educational Objectives Hand-
book I: Cognitive Domain, New York: David McKay Company, Inc. 1956.
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Factor

Table 85. Factor Structure - Unit I, Posttest B

Items Cognitive
Level Objective Name

1 10 High 100 food-blood

13 Knowledge 106 relationships

2 2 Knowledge 101 food-functions of

17 Low 103 mouth parts

28 High 106

3 3 Low 106 heartbeat-pulse

28 High 106 relationships

4 4 Low 103 digestive processes

30 Low 105

5 25 Low 108 digestion-diffusion

29 Low 107

9 Knowledge 103

Items 10 and 25 from posttest A and the parallel items, 3 and

28 from posttest B, appeared in both factor analyses as a single

factor. Both pairs of items deal with heartbeat-pulse relationships.

In general, items loading on the six factors of posttest A with eigen-

values above 1 and on the five factors of posttest B with eigenvalues

above 1 were well distributed across the test. Items loading on in-

dividual factors were generally measuring identical or related instruc-

tional objectives.

Summary!

We can safely conclude that students using Unit I of ME NOW

learn from the use of these materials. Students with WISC Full Scale

IQ scores of 66 and higher tend to perform better on achievement tests

than students with lower scores. Achievement test results have iden-
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tified some instructional problems and problems with items themselves

that have resulted in modifications in both the instructional material

and the test items. Teacher feedback indicates a high degree of student

interest and motivation and has also helped identify some problems that

have brought about revisions of the materials.



CHAPTER III

EVALUATION OF UNIT II

RESPIRATION AND EXCRETION

The Instructional Program

In the experimental classes, pretests for Unit II were administered

and instruction was initiated between January 5 and March 2, 1971. The

posttests were administered from February 1 to Marcia 31, 1971. The

total mean time in class devoted to this unit of ME NOW during the

instructional period for the 16 classes was 557 minutes (9.3 hours).

Unit II is focused on the role of respiration and the fate of un-

digested food in "Me Now." In keeping with the philosophy of beginning

with external and concrete evidence and proceeding to internal, more

abstract and inferred data, this unit begins with observations of chest

expansion during breathing. By holding paper bags over their mouths

while breathing, students can infer that air is moving in and out of

their chests and then verify this through the use of an artificial

model.

The necessity of air for energy release is established by burning

candels in open and closed containers and by using slides which portray

mice in open and sealed compartments. Oxygen and carbon dioxide, the

major components of the air involved in respiration are identified by

student investigations. Quantitative measures of the relative amounts

of oxygen and carbon dioxide in inhaled and exhaled air are made which

help the students understand that more oxygen is taken into the body

than is given off, and that more carbon dioxide is given off than is
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taken into the body. The danger of suffocation in abandoned refrigera-

tors and plastic bags is portrayed through the use of newspaper articles.

Attention is then shifted to the relationship between muscle

activity, breathing rates and a need for energy. Energy from wind,

fuel, food, etc. is studied, and the need for food and oxygen in per-

forming body activities is established. Attention is focused again on

the circulatory system as a means for distributing food and oxygen to

the muscles where they are used in energy production. Waste products

of food "burning" and "excess water" are studied, and the fate of undigested

food in the intestines is reviewed. The role of the urinary system in

removing metabolic wastes and excess water is established and investigated

through the use of an artificial model. This series of activities is

completed with a study of perspiration followed by a review of the major

points in Units I and II.

Effectiveness of Instruction:
Data, Analysis and Interpretation

Objective 200. Students will infer that breathing is a necessary

life process. To achieve this objective six student activities with

related instructional strategies were designed to develop student com-

petencies. For activities 1 and 2, 75 percent of the teachers reported

they used the strategies as prescribed; 25 percent reported some modi-

fications; 97 percent of the teachers reported that the strategies were

successful. One teacher reported difficulties because she did not know

where the diaphragm is located. An excellent modification was developed

by one teacher: "We followed the context -- but went a step further.

In the string-chest experiments we used a longer string and marked it
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with a felt pen at the spot [indixating] normal chest [diameter].

Then as I held the string, the model breathed deeply and we watched

the string 'grow.' We noted the inches -- then we did the chalkboard

list -- we noted that the chalk mark on the board corresponded in length

with the expansion [string] measurements."

Figure 42 shows that teachers found student reactions to be very

high across the three rating scales. Both activities were very important

for EMH students (see Figure 43).

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

-
50 50 50 50 50

5 4 3 2 1 5 4 3 2 1 '5 4 3 2 1

Figure 42. Reaction of the majority of students
to activities 1 and 2

100

Percent 50

0

77

Li5
8

5 4 3 2 1

II

Percent of
teachers

(N=13)

Important Useless

5 = high
3 = neutral
1 = low

Figure 43. Importance to students of activities 1 and 2

Figure 44 shows the proportion of students who were able to per-

form the behaviors specified by the subobjectives for activities 1 and

2. Figure 45 shows that teachers rated the subobjectives as being

very important for EMH students.
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100

50 46
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II

II

0

All 3
ii

100

. 50
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(N=16)

Percent of

0
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16
111 4 1 2

1

2

1 ,1 None
:ti 4

5 4 3 2 1

II

Percent of
teachers
(N=15)

Useless

Figure 44. Proportion of Figure 45. Importance of the
students able to perform
on subobjectives for
activities 1 and 2

subobjectives

For activities 3 and 4, 56 percent of the teachers reported using

the strategies as prescribed; 31 percent reported some modification;

six percent reported much modification; and six percent replaced the

strategies. Sixty-nine percent of the teachers reported that the strate-

gies were successful, while 19 percent reported that the strategies

were unsuccessful.

Several serious problems were encountered in activity 4 that led

to the low ratings. First, students were asked to record the time

interval from beginning the oxygen test experiment to the time when

the methylene blue solution turned color. Most students encountered

difficulties measuring and recording time intervals. Some teachers

changed the strategies and had the students count and record the number

of breaths required to change the color of the methylene blue, and

this was successful. The final materials were revised to include this

change. Second, most of the methylene blue solutions, which had been

prepared several weeks ahead of time, had broken down and would not

change color. Those teachers who mixed a fresh supply of methylene

blue reported that experiment successful. The Teacher's Guide was

revised to have the teachers prepare the methylene blue solution just

before the class begins.
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Figure 46 shows student reactions to be very high across the

three rating scales, in spite of the difficulties encountered. Both

activities were important for EMI students (see Figure 47).

Figure 48 shows the proportion of students who were able to per-

form the behaviors specified for activities 3 and 4. Because of the

difficulties, a rather wide distribution was obtained. Figure 49 shows

the subobjectives for activities 3 and 4 were very important for EMB

students.
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For activities 5 and 6, 58 percent of the teachers reported using

the strategies as prescribed; 33 percent reported some modification; and

eight percent reported much modification. The carbon dioxide test solu-

tion (calcium hydroxide) worked perfectly, but students still had

difficulties in measuring and recording time intervals. Most teachers

used the breath-counting technique which was very successful. Some

difficulties were encountered with the two worksheets in activity 5

because questions dealing Loth with carbon dioxide and oxygen were

presented on the same worksheets. These worksheets have been separated

to avoid this confusion.

For activity 6, stories of suffocation and drowning were very

successful. One teacher wrote, "Activity 6 was a great success --

the discussions led into personal experience -- one boy had been a near

victim of asphyxiation in the family camper. His story led to a lesson

on safely. One boy asked, 'What is the difference between carbon

monoxide and carbon dioxide?' We got out our dictionaries -- looked

them up and learned the meanings of the prefixes 'mono' and 'di' --

Good experience."

Figure 50 shows student reactions to be very high across the three

rating scales. Both activities were judged as very important for EMH

students (see Figure 51) .

Figure 52 shows the proportion of students who were able to per-

form the behaviors specified by the subobjectives for activities 5 and 6.

In spite of the difficulties encountered measuring periods of time,

76 percent of the teachers reported that three-fourths or more of their

students could perform the specified behaviors. Figure 53 shows the

activities were very important for EMH students.
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Nine item pairs were designed to sample achievement on objective

WHAT PART IS THE LUNG?
.

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART,

2A WHAT PART IS THE LUNG? 268

MARK AN X IN THE CIRCLE ON THE LINE THA. TOUCHES THE PART,
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Item pair 2-A, 26-B functions at the cognitive level of knowledge.

Mean total gain from pretest to posttest for the experimental group was

23 percent (from 68 to 91 percent). This gain can be accounted for

by losses from all other response choices. There was a mean net loss

of two percent (from 67 to 65 percent) for the control group. With

these results we can clearly attribute experimental group gains to the

effect of instruction. Biserial correlations are exceptionally high

for this item pair.

Table 86. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest r
b

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-

mental
2-A

26-B
79

95

73

19

11

8

8

64

6

7

1

1

0

0

95

79

86

0

1

0

13

97

0

3

0

0

0

0

.64

.67

.65

.60

Control
2-A

26-B
80

89

70

24

5

4

19

65

4

7

3

0

0 89

80

65

21

10

6

17

65

7

6

0

1

0 .45

.32

.38

.65

Table 87. Pretest to Posttest Changes
(The response choice for 2-A is cited first.)

Item Pair 2-A, 26-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

A C sk+C B B B+B C A C+A D D D+D

Expe ri-

mental

Control

+13

-5

+33

0

+23

-2

-10

+5

-8

+2

-19

-3

-6 -4

-1

-6

+1

Item pair 8-A, 3-B functions at the cognitive level of analysis.

Mean total gain from pretest to posttest for the experimental group

was 16 percent (from 37 to 53 percent). The gain can be accounted for
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WHICH PERSON IS TESTING THE AMOUNT OF OXYGEN IN EXHALED AIR, 8A WHICH PERSON IS TETING THE AMOUNT OF CARBON DIOXIDE IN

EXHALED AIR,

MARK AN X ON THAT PERSON.

'''' 4-11_ r---

Lril ir 11- II

11 ]

1

b

MARK AN X ON THAT PERSON.

by losses from all other response choices. A posttest level of achieve-

ment of 53 percent is entirely satisfactory due to the complex nature

of the task involved in answering this question. There was a mean

net loss of one percent (from 46 to 45 percent) from pretest to post-

test for the control group. The gains registered by the experimental

group can be attributed to the effect of instruction. Biserial cor-

relations indicate that both items are good discriminators.

Table 88. Item Responses and Biserial Correlations

for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-

mental

8-A

3-B

79

95

15

14

23

19

46

29

16

33

0

1

0

4

95

79

18

16

19

18

53

52

11

14

0

0

0

0

.48

.21

.31

.42

Control
8-A

3-B

80

89

11

16

16

24

48

44

21

16

4

1

0

0

89

80

16

24

20

10

45

45

17

20

0

0

2

1

.25

.29

.44

.49

Table 89. Pretest to Posttest Changes
(The response choice for 8-A is cited first.)

Item Pair 8-A, 3-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C C C+C A A A+A B B B+B D D D+D

Experi-
mental

Control

+7 +23

+1

+16

-1

+2

+8

-1

-14

-5

-4

-19

+4

-13

0

3s
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WHAT PART ON THE MODEL WORKS LIKE THE DIAPHRAGM

(BREATHING-MUSCLE),

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART.

9A WHAT PART ON THE MODEL WORKS LIKE LUNGS IN YOUR BODY/

MARK AN X IN THE ARCLE ON THE LINE THAT TOUCHES THE PART.

Item pair 9-A, 7-B functions at the cognitive level of compre-

71

hension. Mean net gain from pretest to posttest for the experimental

group was 21 percent (from 46 to 67 percent). This gain can be attrib-

uted to losses in all other response choices. There was a mean net

gain of seven percent (from 41 to 48 percent) from pretest to posttest

for the control group. The greater mean net gain from pretest to

Table 90. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest

rb

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

9-A
7-B

79

95

3

4

6

71

75

4

16

21

0

0

0

0

95

79

3

1

3

78

37

14

57

6

0

0

0

0

.19

.29

.70

.36

Control
9-A
7-B

80

89

6

3

6

67

73

7

13

20

1

2

0

0

89

80

2

1

8

78

65

4

21

18

1

0

2

0

.30

.41

.67

.66

Table 91. Pretest to Posttest Changes
(The response choice for 9-A is cited first.)

Item Pair 9-A, 7-B Percent Change, Pretest to Posttest

Student
Group

CorrectCor

Choice
Parallel Distractor Pairs

D B D+B A A A+A B D B+D C C C+C

Experi-
mental

Contro]

+41 +7 +21

+11

0

-4

-3

-2

-2

-2 0

-15

-2

-10

-1

-38

-8

+10

-3

-10

-5
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posttest and the higher posttest achievement level of the experimental

group enable us to attribute the success of the experimental group to

the effect of instruction. The biserial correlations indicate that

both items are good discriminators.

IF YOU WERE GOING ON A TRIP IN A SUBMARINE., WHICH OF

THESE WOULD YOU NEED MOST/

MARK AN X IN INC ICTUR, YOU CHOOSE.,

11A IF YOU WERE GOING ON A TRIP IN A SUBMARINE WHICH Of 10
THESE WOULD YOU NEED MOST/

MARA AN X ON INC PICTURE YOU CHOOSE.

A

Item pair 11-A, 1-B is a baseline item and functions at the cog-

nitive level of analysis. Mean net gain from pretest to posttest for

the experimental group was 12 percent (from 81 to 93 percent). The

high pretest level indicates that this item is measuring data already

known by many of the students in the experimental group. The pretest-

to-posttest gain can be attributed to losses in all other response

choices. For the control group, there was a mean net loss of one

percent (from 89 to 88 percent). The high achievement level of the

control group on the pretest confirms the conclusion that most EMH

students in our sample are familiar with the material covered by this

item pair. The pretest-to-posttest gains in the experimental group

can be attributed to the effect of instruction. The biserial cor-

relations indicate that both items are good discriminators.
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Table 92. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPercent of N

ABCDMO Pre Post

Experi-
mental

11-A
1-B

79

95

85

14

6

1

9

77

0

8

0

0

0

0

95

79

92

3

7

0

0

94

1

4

0

0

0

0

.42

.35

.46

.61

Control
11-A
1-B

80

89

90

8

4

1

5

89

1

1

0

1

0

0

89

80

85

4

3

0

7

91

2

5

1

0

1

0

.73

.41

.55

.58

Table 93. Pretest to Posttest Changes
(The response choice for 11-A is cited first.)

Item Pair 11-A, 1-B Percent Change, Pretest to Posttest

Student
Group

Correct

Choice
Parallel Distractor Pairs

A C A+C B A B+A C B C+B D D D+D

Experi-

mental

Control

+17

+2

+12

-1

-11

-4

-5

-3

-1

-1

-4

+4

-2

+2

Item pair 12-A, 27-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest for the experimental group was

nine percent (from 59 to 68 percent). The pretest-to-posttest gain

can be attributed to losses in all response choices except bll,e (A in

Form A, D in Form B), where a mean net gain of nine percent (from nine

to 18 percent) was recorded. This result confirms reports by the

CARBON DIOXIDE TEST SOLUTION LOOKS LIKE WATER,

WHAT COLOR DOES CARBON DIOXIDE TEST SOLUTION CHANGE

TO WHEN CARBON DIOXIDE IS BUBBLED THROUGH IT'

MARK AN X ON THE PICTURE.

BLUE YELLOW RED CLOUDY WHITE

12e CARBON DIOXIDE TEST SOLUTION LOOKS LIKE WATER.

WHAT COLOR DOES CARBON DIOXIDE TEST SOLUTION CHANGE

TO WHEN CARBON DIOXIDE IS BUBBLED THROUGH IT?

MARK AN X ON THE PICTURE.

CLOUDY WHITE

A

REh YELLOW BLUE

27e
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Table 94. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
bPercent of N

NABCDMOPercent of NABCDMO Pre Post

Experi-
mental

12-A
27-B

79

95
1

47

15

17

14

19

70

16

0

0

0

1

95

79

12

53

4

4

4

18

80

25

0

0

0

0

.35

.46

.62

.28

Control
12-A
27-B

80

89

5

69

5

10

10

7

80

15

0

0

0

0

89

80

4

76

6

8

9

10

80

6

0

0

1

0

.30

.60

.61

.60

Table 95. Pretest to Posttest Changes
(The response choice for 12-A is cited first.)

Item Pair 12-A, 27-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D A D+k A D A+D B C B+C C B C+B

Experi-

mental

Control

+10

0

+6

+7

+9

+4

+11

1

+9

-9

+9

-5

-11

+1

-1

+3

-10

-1

-13

-2

-12

-1

teachers of confusion because both the carbon dioxide and oxygen tests

were presented on the same worksheet. Doing the activities on separate

days and on separate worksheets should eliminate this confusion. There

was a mean net gain from pretest to posttest of four percent (from

74 to 78 percent) for the control group. The pretest-to-posttest gain

in the control group can be attributed to instruction, but from pretest

scores it is evident that more students in the control group had prior

knowledge of testing for carbon dioxide than did the students in the

experimental group. The change in biserial correlations from pretest

to posttest confirms the confusion of the experimental group and led

us to hypothesize that some instruction may have occurred in the control

group. Colored slides were used for this pair to reinforce the word
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labels of colors and compensate for students who could not match the

word with the corresponding color.

WHAT PART IS THE WINDPIPE?

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART.

13A WHAT PART IS THE WINDPIPE/ 15s

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART.

Item pair 13-A, 15-B tunctions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest for the experimental

group was 36 percent (from 52 to 88 percent). This gain can be attrib-

uted to losses in all other response choices. Mean net gain from

pretest to posttest for the control group was 17 percent (from 49 to

Table 96. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

ABCDMO ABCDMO Pre Post

Experi-
mental

13-A
15-B

79

95

6

56

22

8

48

13

24

23

0

0

0

0

95

79

1

90
4

0

87

3

7

8

0

0

0

0

.41

.54

.52

.46

Control
13-A
15-B

80

89

32

54

5

11

44
15

19

19

0

1

0

0

89

80

12

68
7

6

65

10

13

16

0

0

2

0

.39

.63

.41

.68

Table 97. Pretest to Posttest Changes
(The response choice for 13-A is cited first.)

Item Pair 13-A, 15-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C A C+A A C A+C B B B+B D D D+D

Experi-
mental

Control

+39

+21

+34

+14

+36

+17

-5

-20

-10

-5

-8

-12

18

+2

-8

-5

-13

-1

-17

-6

-15

-3

-16

-5
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66 percent). The greater pretest-to-posttest gains in the experimental

group can be attributed to the effect of instruction. The biserial

correlations indicate that both items are good discriminators.

WHICH PERSON IS TESTING THE AMOUNT OF CARBOY DIOXIDE

IN INHALED AIR,

MARK AN X ON THAT PERSON,

16A WHICH PERSON IS TESTING THE AMOUNT OF OXYGEN IN INHALED AIR, 19A

MARK AN X ON THAT PERSON.

Item pair 16-A, 19-B functions at the cognitive level of analysis.

Mean net gain from pretest to posttest for the experimental group was

15 percent (from 34 to 49 percent). The gain can be attributed to

losses in all other distractors. For the control group the pretest and

posttest levels of achievement were both 28 percent. We can attribute

the gains for the experimental group to the effect of instruction. In

view of the complexity of the task required in answering this item, a

49 percent level of achievement is very satisfactory. The biserial

correlations indicate that both items are good discriminators.

Table 98. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

16-A
19-B

79

95

33

35

14
18

28

19
25

27

0

1

0

0
95

79

42

56
15

5

21

13
22

27
0

0
0

0
.08

.31

.33

.35

Control
16-A
19-B

80

89

26

29
20
25

30

27
24

18
0

1

0

0
89
80

25

31

13

8

26

34

31

28
2

0
2

0
.43

.30

.44

.30
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Table 99. Pretest to Posttest Changes
(The response choice for 16-A is cited first.)

Item Pair 16-A, 19-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

A A A+A B B B+B C C C+C D D D+D

Experi-
mental

Control

+21

+2

+15 -13

-17

-6

-12 -4

-6

+7

-3

+7

0

+10

-2

+9

WHAT PART IS THE DIAPHRAGM (BREATHING - MUSCLE)?

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART,

22A WHAT PART IS THE DIAPHRAGM (BREATHING-mUSCLE)°

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PAR

Item pair 22-A, 18-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest for the experimental

group was 22 percent (from 28 to 50 percent) and can be attributed to

losses on all other response choices. Mean net gain from pretest to

posttest for the control group was two percent (from 30 to 32 percent).

The pretest-to-posttest gain for the experimental group can clearly

be attributed to the effect of instruction. The biserial correlations

Table 100. Item Responses and Biserial Correlations
for Experimental and Control Groups

18e

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi- 22-A 79 43 24 13 19 1 0 95 32 51 6 12 0 0 .12 .49
mental 18-B 95 7 31 49 12 1 0 79 3 48 42 6 1 0 .15 .12

Control
22-A
18-B

80

89

39

20

31

29-

11

36

18

13

1

1

0

0

89

80

38

13

35

29

9

38

16

19

0

1

2

1

.52

.37

.41

.59
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Table 101. Pretest to Posttest Changes
(The response choice for 22-A is cited first.)

Item Pair 22-A, 18-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B B B+B A C A+C C A C+A D D D+D

Experi-
mental

Control

+27

+4

+17

0

+22

+2

-11

-1

-7

+2

-4

-7

-7

-2

-6

+6

-6

+2

indicate that both items are good discriminators. The low biserial

correlation on the Form B posttest is attributed to a student effect

and not due to item construction, since both items are essentially

identical.

WHAT HAPPENS WHEN YOU EXHALE'

MARE AN X ON THE PICTURE.,

39A WHAT HAPPENS WHEN YOU INHALE'

MARE AN X ON THE PICTURE.

24s

Item pair 30-A, 24-B functions at the congitive level of analysis.

Mean total gain from pretest to posttest for the experimental group

was three percent (from 24 to 27 percent). Control group pretest and

posttest achievement levels remained stable at 29 percent. Although

small gains were recorded in the experimental group, future testing

should result in much higher gains if the revised materials are used.

The use of supporting films and the functioning torso should reinforce

this subject matter. Biserial correlations are exceptionally high,

indicating that both items are discriminating well between high and

low achievers in both the experimental and control groups.
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Table 102. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student

Group
Item

#

Pretest Posttest
r
bPercent of N

N

Percent of N

ABCDMO ABCDMOPre Post

Experi-
mental

30-A
24-B

79

95
23
39

33

42
33

14

9

4

3

1

0

0

95

79

20

34

35

38

25 2Q
23 5

0

0

0

0

.36

.38

.83

.47

Control
30-A
24-B

80

89
13

33

31

28
30

33
25

4

1

2

0

0

89

80
25

38

37

41
16 21
13 9

0

0

1

0

.22

.43

.50

.38

Table 103. Pretest to Posttest Changes
(The response choice for 30-A is cited first.)

Item Pair 30-A, 24-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D A D+A A D A+D B B B+B C C C+C

Experi-
mental

Control

+11 -5

+4 +5 0

-3

+12

+1

+5

0 -4

+13 +10

-8

-,714

+9

-20

+1

-17

Objective 201. Students will identify respiration as a necessit

for body action. Five student activities and other instructional

strategies were designed to develop student competencies to achieve

this objective.

For activities 7 and 8, 75 percent of the teachers used the

strategies as described; 19 percent reported some modification; and

one teacher replaced the strategies by having students run in place

instead of doing the pushups as described in the activity. No serious

problems were encountered in activities 7 and 8. Several teachers

reported, "Very successful activity. We posted a chart recording their
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improvements in exercises and the carry-over in attitudes to other sub-

ject areas was good."

100

Percent of
teachers 50

(N=16)

0

Interest
Disinterest

Pleasure Willingness
Displeasure Unwillingness

75
69

25

11

_

6
19

i. ii Lk

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 54. Reaction of the majority of students
to activities 7 and 8
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Percent 50
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Figure

100

55. Importance to students of activities

100

62
Percent 50 -44

38 50

6 6 6

IIPercent of

teachers
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0 (N=16) 0
All 3 1 1 ,1 None 5 4 3
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Figure 56. Proportion of
students able to perform
on subobjectives for
activities 7 and 8

7 and 8

3

2 1

5 = high
3 = neutral
1 = low

II

Percent of
teachers
(N=15)

Important OK Useless

Figure 57. Importance of the
subobjectives

Figure 54 shows student reactions to be very high across the three

rating scales. Both activities were important for EMH students (see

Figure 55). Figure 56 shows the proportion of students who were able

to perform the behaviors specified by the subobjectives for activities
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7 and 8. Eighty-two percent of the teachers reported that three-fourths

or more of their students were successful. Figure 57 shows that teachers

rated i.he subobjectives as being very important for ENH students.

For activities 9 and 10, 56 percent of the teachers used the

strategies as described and 44 percent reported some modification.

The major problem encountered in this series of activities was that

some teachers used fresh bread soaked in vegetable oil as an energy

source and it would not burn. These instructions have been changed

to direct the teachers to use dry bread soaked in vegetable oil and

leave it overnight before attempting to burn it. This technique was

used successfully by several teachers and has been verified by the

BSCS staff.

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

56

25
13

6
mm

191
6 56

19

_
25

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 58. Rear:tion of the majority of students
to activities 9 and 10
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Pcrcent of
teachers
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Figure 59. Importance to students of activities 9 and 10

5 = high
3 = neutral
1 = low



Figure 58 shows student reactions to be high across the three

scales. The problems encountered trying to burn fresh bread could

account for the slightly lower rating than the previous activities

received. Both activities were judged important for EMH students

(see Figure 59).

Percent 50 '44
31

A..' 3 1 1 ,1 None
4 4 `4

Figure 60. Proportion of
students able to perform

on subobjectives for
activities 9 and 10

13

0
ma 2

5 4 3 2 1

Important OK Useless
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IIPercent of

teachers
(N=16)

Figure 61. Importance of the
subobjectives

Figure 60 shows the proportion of students who were able to per-

form the behaviors specified by the subobjectives for activities 9 and

10. The lower success rate is attributed to the problems encountered

in burning bread in activity 9, which was a basis for several conclu-

sions which should have been drawn by the students. Student performance

on each individual subobjective supports this conclusion, since student

success was high on all other subobjectives. Figure 61 shows that

teachers rated the subobjectives as being very important for EMH

students. Teachers who marked the "2" were some of the ones who en-

countered difficulties with the activity.

For activity 11, 75 percent of the teachers used the strategies

as described; 19 percent reported some modifications; and six percent
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reported much modification. This sequence of slides was designed to

help bring the circulatory, respiratory and digestive systems together,

but two problems were encountered. First, as was the case with the

oxygen and carbon dioxide test worksheets, it appears that too much

has been presented at once on the activity 11 worksheet. The sequence

was revised to present the slides in two activities instead of one.

The second problem was a matter of modifying artwork on the slides.

Lungs and diaphragm were added and the digestive system was darkened

to help students distinguish between intestines, windpipe and blood

vessels.

100

Percent of
teachers 50
(N=16)

0

Interest Pleasure Wi.Llingness
Disinterest Displeasure Unwillingness

-50

25
19

immII 6

4 38

13
6

556

25

ii

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 62. Reaction of the majority of students
to activity 11
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Percent of
teachers
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Figure 63. Importance to students of activity 11

5 = high
3 = neutral
1 = low

Figure 62 shows student reations to be high across the three

rating scales, but the problems encountered lowered the ratings some-

what from the previous activities. The activity was judged to be

important for EMH students (see Figure 63).
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Figure 65. Importance of the
subobjectives

Figure 64 shows the proportion of students who were able to per-

form the behaviors specified by the subobjectives for activity 11.

This figure is slightly skewed because one of the subobjectives deals

with student knowledge before seeing the slides. In spite of this

and minor problems with the slides themselves, 87 percent of the teachers

reported that one-half or more of their students were able to perform

the desired behaviors. Figure 65 shows that teachers ranked the sub-

objectives much higher than those of previous activities.

Ten item pairs were designed to sample achievement on objective

201.

WHAT MOVES YOUR LEGS WHEN YOU WALK' IA

MARA AN X ON YOUR MICE.

BLOOD !

_
AIP MUSCLES

WHAT MOVES YOUR ARM WHE' YOU THROW A BALL' 23s

MARK AN X ON YOUR CHOICE.

HEART LUNGS [;;LES [STOMACH

Item pair 1-A, 23-B is a baseline item and functions at the cog-

nitive level of knowledge. Mean net gain from pretest to posttest for

the experimental q-Dup was 16 percent (from 71 to 87 percent). This

gain can be attributed to losses in all other response choices. There

was a mean net gain of six percent (from 75 to 81) in the control group.
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Table 104. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest r
b

N

Percent of N NABCDMOPercent of N

ABCDMr Pre Post

Experi-
mental

1-A
23-B

79

95

22

12

4

8

70

72

5

7

0

1

0

0

95

79

2

5

1

8

92

82

5

4

0

1

0

0

.38

.41

.62

.57

Control
1-A

23-B
80

89

11

6

10

6

68

81

10

7

0

1

1

0

89

80

11

4

8

5

75

88

4

4

1

0

0

0

.44

.28

.46

.63

Table 105. Pretest to Posttest Changes
(The response choice for 1-A is cited first.)

Item Pair 1-A, 23-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C C+C A A A+A B B B+B D D D+D

Experi-
mental

Control

+22

t7

+10

+7

+16

+6

-20

0

-7

-2

-14

0 -2

0

-1

0

-6

-3

-3

-1

-4

The greater gains and higher posttest achievement level of the experi-

mental group enable us to attribute the success of the experimental

group to the effect of instruction. The biserial correlations indicate

that the items are good discriminators.

WHICH PERSON HAS RUN THE MOST?

MARK AN X ON THAT PERSON.

15
BREATHS
IN ONE
MINUTE

A

18
BREATHS
IN ONE
MINUTE

A
(-7

:;,1)
aViLs, '49

of
h\

20
BREATHS
IN ONE
MINUTE

30
BREATHS
IN ONE
MINUTE

SA OF THE FOLLOWING HAS JUST ;INISHED STRENUOUS EXERCISE/ 126

MA.. nN THA Aps0N,

,,

4<

\

, )
)

-3..

/

30 20
BREATHS BREATHS
IN ONE IN ONE
MINUTE MINUTE

18
BREATHS
IN ONE
MINUTE

Is
BREATHS
IN ONE
MINUTE

Item pair 5-A, 12 -B is a baseline item and functions at the cog-

nitive level of comprehension. Mean net gain from pretest to posttest

for the experimental group was nine percent (from 72 to 81 percent).

This gain can be attributed to a shift from all other response choices.

The control group registered a mean net loss of three percent from
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Table 106. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

N

Percent of NABCDMO ABCDMO Pre Post

Experi-
mental

5-A
12-B

79

95

9

66
1

7

11

6

78

19

0

1

0

0

95

79

6

78

4

10

5

5

84

6

0

0

0

0

.41

.45

.39

.65

Control
5-A
12-B

80

89

0

69

0

11

4

9

96

10

0

1

0

0

89

80

2

69
2

4

4

5

89

23

1

0

1

0

.43

.48

.73

.18

Table 107. Pretest to Posttest Changes
(The response choice for 5-A is cited first.)

Item Pair 5-A, 12-B Percent Change, Pretest to Posttest

Parallel Distractor PairsStudent
Group

Correct
Choice

D A D+A A D A+D B C B+C C B C+B
Experi-
mental

Control

+6 +12

-7 0

-13

+13

+3 -1

-4

0 -6

0

+3

-7

-2

-4

pretest to posttest, allowing us to attribute the experimental group

gains to the effect of instruction. The pretest level of achievement

indicates that most EMH students in our sample had prior knowledge of

the relationship of breathing rate and exercise. This does not mean,

however, that they understand the reason for the relationship. Bi-

serial correlations indicate that both items are good discriminators.

IN WHAT PART DOES OXYGEN FROM THE AIR GO INTO THE BLOOD/

MARK AN X IN THE CIRCLE ON THE LINE THAT (OUCHES THE P .05.

15A I;; WHAT PAPT DO 7S CAPBON DIOXIDE GO OUT OF THE BLOOD')

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART,,

Item pair 15-A, 5-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest for the experimental

group was 12 percent (from 53 to 65 percent). The gain can he attrib-

55
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Table 108. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

15-A
5-B

79

95

4

3

19

36

67

38

9

22

0

1

1

0

95

79

5

5

14

15

67

62

14

18

0

0

0

0

.50

.42

.37

.62

Control
15-A
5-B

80

89

10

8

10

34

71

45

6

13

3

0

0

0

89

80

13

13

19

35

51

43

13

10

1

0

2

0

.23

.28
.07

.41

Table 109. Pretest to Posttest Changes
(The response choice for 15-A is cited first.)

Item Pair 15-A, 5-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C C C+C A A A+A B B B+B D - D+D

Experi-
mental

Control

0 +24

-20 -2

+12

-11

+2

+5

+2

+4

-21

+1

-13 -4

-3

0

+2

uted to losses in all response choices except A in both forms, the wind-

pipe, where pretest-to-posttest gain of two percent (from three to five

percent) was recorded. Although total percent is small, this minor prob-

lem should be eliminated by the functioning torso in the revised materials.

There was a mean net loss of 11 percent (from 58 to 47 percent) from pre-

test to posttest in the control group. The pretest-to-posttest gain in

the experimental group can be attributed to the effect of instruction.

The biserial correlations show that both items are good discriminators.

WHAT COMBINES WITH FOOD IN THE MUSCLE TO RELEASE 17. WHAT COMBINES WITH CXYGEN IN THE MUSCLE TO RELEASE

ENERGY: CARBON )(OXIDE. WATER. DIGESTIVE JUICE. FOOD.ENERGY: CARBON DIOXIDE. OXYGEN, WATER., DIGESTIVE JUICE.

MARK AN X ON YOUR CHOICE.,

MARK AN X ON YOUR CHOICE.
CARBON

i

DIOXIDE
OXYGEN 1 WATER __] 1

DIGESTIVE

FOOD
A 6 C 0 [ DIOXIDE

'

r-EAiNN MATER j I

I

A C D

Item pair 17-A, 17-B functions at the cognitive level of knowledge.

Mean total gain from pretest to posttest for the experimental group

was ten percent (from 31 to 41 percent). The gain can be accounted

DIGESTIVE

JUICE

17a
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Table 110. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

17-A
17-B

79

95

10

28

29

15

20

25

39

32

1

0

0

0

95

79

19

25

35

11

21

14

25

48

0

1

0

0

.27

.30

.33

.54

Control
17-A
17-B

80

89

13

28
21

16

16

30

48
25

3

1

0

0

89

80

16

23

19

11

19

34

43

33

2

0

1

0

.30

.06

.02

.10

Table 111. Pretest to Posttest Changes
(The response choice for 17-A is cited first.)

Item Pair 17-A, 17-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B D B+D A A A+A C B C+B D C D+C

Experi-

mental

Control

+16

+8

+10 -3

-5

+3 -4

-5

-14 -11

-5 +4

-12

0

for by losses from all other response choices except carbon dioxide,

where a slight gain was noticed. The gain from pretest to posttest

for carbon dioxide on Form A of nine percent came mainly from one

class where the teacher was confused and modified the teaching strate-

gies. The relatively low level of posttest achievement confirms the

feedback from teachers that the worksheet in activity 11 should become

two worksheets dealing with two separate activities. The mean total

gain from pretest to posttest for the control croup was three percent,

allowing us to attribute the experimental group gains to the effect of

instruction. Biserial correlations were much higher for the experi-

mental group than for the control group, confirming the effect of

instruction.
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WHERE DOES BLOOD PICK UP FOOD', 18A wHERE DOES FOOD ENTER THE BLOOD', 13s

MARK AN X IN THE CIRCLE AT THE END OF THE LINE THAT
TOUCHES THE PART,

MARK AN X IN THE CIRCLE AT THE END OF THE LINE THAT
TOUCHES THE PART,

Item pair 18-A, 13-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was three percent (from 41 to 44 percent). This gain is accounted

for by a loss from choosing the heart. These results confirmed the

need to strengthen activity 11 to bring the relationship between the

digestive and circulatory systems into a sharper focus. Mean total

gain from pretest to posttest for the control group was four percent

(from 21 to 25 percent). Although the posttest level of achievement

of the experimental group was higher than that of the control group,

the pretest level was also higher. A note was added to the Teacher's

Test Administration Guide and Answer Key that this pair of items can

help the teacher identify those students who are having difficulties

identifying and separating the roles of the heart, stomach and intes-

tines. Although the pretest-to-posttest gains of the experimental

Table'112. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student

Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

18-A
13-B

79

95

22

32

38

5

10

44
30

19

0

0

0

0

95

79

25

23

39

13

10

49

25

15

0

0

0

0

.42

.39

.58

53

Control
18-A
13-B

80

89

41

30

19

7

4

22

34

39

3

1

0

0

89

80

33

35

27

4

3

23

35

39

0

0

2

0

.17

.01

.03

.14
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Table 113. Pretest to Posttest Changes
(The response choice for 18-A is cited first.)

Item Pair 18-A, 13-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B+C A D A+D C B C+B D A D+A
Experi-

mental

Control

+5

+1

-4

0

0 0

-1

+8

-3

-5

+1

-9

+5

-7

+3

and control groups are very similar, the biserial correlations clearly

indicate an instructional effect in the experimental group.

WhICh DOES YOUR BODY USE FOR INEPGY,

MARK AN X ON YOUR ENOIEE.

BAITER/

WARP

AID DOES YOUR BODY USE FOR EhEROY,

.140. As X ON YOUR CHOICE.

O

BATTERY

WATER

4B

Item pair 19-A, 4-B functions at the cognitive level of knowledge.

There was a mean total loss from pretest to posttest for the experi-

mental group of four percent (from 11 to seven percent) . The control

group registered a mean total gain of 11 percent (from eight to 19

percent). Several problems were identified here. First, student inter-

views verified that syrup was thought of as a condiment and not an

energy source, which led to using cookies in both Forms A and B as the

correct response choice. A drastic shift occurred in the experimental

group from choosing water as an energy source on the pretest to choos-

ing oxygen as the energy source on the posttest. The materials were

revised to clarify the roles of food and oxygen in producing energy.

The gain in scores and increase in biserial correlations for the

control group indicate that instruction on this topic probably did

occur in several of the control group classes.
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Table 114. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
bPercent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-

mental
19-A
4-B

79

95

1

33

34

13

57

1

8

54

0

0

0

0

95

79

7 26

70 8

59

3

7

20

0

0

0

0

-.01

.16

.04

-.04

Control
19-A

4-B
80
89

3

31

31

8

56

3

9

56

1

1

0

0

89

80

2 3C

29 13
43
9

24

50

0

0

1

0

-.17
.05

.71

.27

Table 115. Pretest co Posttest Changes
(The response choice for 19-A is cited first.)

Item Pair 19-A, 4-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D B D+B A C A+C B D B+D C A C+A

Experi-
mental

Control

-1 -5 -4

+15 +5 +11

+6

-1

+2

+6

+4

+2

-8

-1

-34

-6

-21

-4

+2

-13

4-37

-2

+19

-7

WHICH BOY IS USING THE MOST OXYGEN"

MARK AM X ON THE ROY OF YOUR CHOICE.

(

23A WHICH GIRL IS EXHALING THE MOST CARBON DIOXIDE'

MARK AN X ON THE GIRL OF YOUR CHOICE.

R

14e

Item pair 23-A, 14-B is a baseline item and functions at the cog-

nitive level of comprehension. Mean total gain from pretest to post-

test for the experimental group was 18 percent (from 72 to 90 percent).

The gain can be accounted for by losses from all other response choices.

Mean total gain for the control group was five percent (from 70 to 75

percent). A comparison of the experimental- control group gains enabled

us to attribute experimental group gains to the effect of instruction.
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Table 116. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

23-A
14-B

79

95

1

2

14

26

3

8

81

63

1

0

0

0

95

79

1

3

6

6

1

4

92

87

0

0

0

0

.39

.35

.19

.87

Control
23-A
14-B

80

89

0

4

16

34

3

1

81

60

0

1

0

0

89

80

0

4

15

23

2

5

81

69

1

0

1

0

.38

.30

.48

.51

Table 117. Pretest to Posttest Changes
(The response choice for 23-A is cited first.)

Item Pair 23-A, 14-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D D D+D A A+A B B B+B C C C+C

Expe ri-

mental

Control

+11 +24

0 +9

+18 0

0

+1

0 C -1

-20

-11

-14 -2

-1

-4

+4

-4

+1

The relationship between body exercise and exhaling carbon dioxide is

clearly established. Biserial correlations indicate that both items

are good discriminators.

IN WHAT PART DOES OXYGEN FROM THE AIR GO INTO THE BLOOD'

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART,

24A IN WHAT PART DOES CARBON DIOXIDE GO OUT OF THE BLOOD' 22i

MARK AN X IN THE CIRCLE ON THE LINE THAT TOUCHES THE PART,

Item pair 24-A, 22-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was 18 percent (from 28 to 46 percent). This gain can be

accounted for by losses from all other response choices, except the

mouth. Mean total gain for the control group was seven percent (from
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23 to 30 percent). The experimental group gain is attributed to the

effect of instruction. Biserial correlations indicate that both items

are good discriminators.

Table 118. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

NABCDMO
Percent of N

A B C D M 0 Pre Post

Experi-

mental
24-A
22-B

79

95

20

16

35

21

22

12

22

52

1

0

0

0

95

79

26

16

49

42

15

13

9

29

0

0

0

0

.55

.20

.40

.28

Control
24-A
22-B

80

89

15

13

29

18

33

24

23

42

1

3

0

0

89

80

11

18

33

26

36

23

18

34

1

0

1

0

.43

.15

.39

.28

Table 119. Pretest to Posttest Changes
(The response choice for 24-A is cited first.)

Item Pair 24-A, 22-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B B+B A A A+A C C C +CJ D D D+D

Experi-
mental

Control

+14

+4

+21

+8

+18

+7

+6

-4

0

+5

-7 +1

-1

-13

-5

-23

-8

-18

-7

WHAT IS PFMOvED FROM THE BLOOD AT THIS POINT

URINE. DIGESTIVE JuICE, WATER,

DIGESTED FOOD,

^IARK AN X ON KOOK CHOICE,

.._

UPINE DIGESTIVE WATER DIGESTED
4 JUICE FOOD

F

2FA

WHAT IS REMOVED FROM THE BLOOD AT THIS POINT.

CARBON DIOXIDE, DIGESTIVE JUICE,

STARCH, URINE'

MARK AN X ON YOUR CHOICE..

CARBON DIGESTIVE

DIOXIDE JUICE

A b

'STARCH URINE,

r D

30e

Item pair 26-A, 30-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was 14 percent (from 21 to 35 percent). There was a mean net
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loss of four percent (from 19 to 15 percent) for the control group.

We can already attribute experimental group gains to the effect of

instruction. We believe that the posttest success level will be much

higher with the use of supporting films and the functioning torso with

the revised materials. Biserial correlations are very good for the

experimental group.

Table 120. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi- 26-A 79 18 25 20 34 3 0 95 21 22 24 33 0 0 .34 .41
mental 30 -B 95 22 33 26 16 3 0 79 47 20 16 14 3 0 .89 .74

Control
26-A 80 21 19 13 45 3 0 89 19 21 9 47 2 1 -.16 -.10
30-B 89 25 36 22 12 4 0 80 21 23 29 28 0 0 .18 .30

Table 121. Pretest to Posttest Changes
(The response choice for 26-A is cited first.)

Item Pair 26-A, 30 -B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C A C+A A D A+D B B B+B D C D C

Experi-
mental

Control

+25

-4

+14

-4

+3

-2

-2

+16

-13

-13

-1 -10

+7

-6

+5

Item pair 28-A, 28-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was 16 percent (from 43 to 59 percent). This can be accounted

for by losses from all other response choices. Mean total gain for

the control group was six percent (from 46 to 52 percent). The

experimental group gains are attributed to the effect of instruction.
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WHAT ENTERS THE BLOOD AT THIS POINT?

MARK AN X ON YOUR CHOICE.

'±Et °IMF( [FOR OXYGEN
A

28A

WHAT ENTERS THE BLOOD AT THIS POINT,

MARK AN 14, ON YOUR CHOICE.

FOOD OXYGEN WATER_ URINE_

ZSe

Although students readily associate carbon dioxide with exhaled air

and recognize its relationship to exercise, it appears that approximately

one-third do not yet know that carbon dioxide enters the lungs from

the blood. The more detailed reviews should improve this situation.

Table 122. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

28-A

28-B
79

95
11

32

6

14

25

13

52

17

5

5

0 95

79

8

18

13

62

21

13

57

4

1

4

0

0

.39

.54

.61

.70

Control
28-A

28-B
80

89

13

13

6

40
25

31

53

11

4

3

0

0

89

80

9

19

6

49

28

18

54

14

2

1

1

0

.48

.59

.45

.59

Table 123. Pretest to Posttest Changes
(The response choice for 28-A is cited first.)

Item Pair 28-A, 28-B Percent Change, Pretest to Posttest

student
Group

Correc4-

Choice Parallel Ditractor Pairs

D B D+B A C A+C B D B+D C A C+A

Experi-
mental

Control

+28

+1 +9

+16

+6

0

-13

-2

0

-13

+3 +1

-4

+3

-14

+6

-9

+4



141

Objective 202. Students will infer a relationship between waste

and internal body processes. Five student activities and other instruc-

tional strategies were designed to develop student competencies to

achieve this objective.

FDr activities 12 and 12, 81 percent of the teachers used the

strategies as described; 19 percent reported some modifications.

Ninety-three percent of the teachers reported that the strategies were

successful. A minor problem occurred when teachers attempted to burn

bread with cooking oil, but this was simply a repeat of an earlier

problem that most teachers had already overcome. Many positive comments

were received concerning these two activities, such as, "When discussing

elimination we invariably get on the subject of personal hygiene. My

student teacher overheard two of the boys seriously and privately dis-

cussing what they should do about 'teaching' #3101 how to clean himself

in the bathroom -- a day or two later one of the boys told me that they

had taken it upon themselves to teach 3101 how to care for himself.

The results are positive. My hope is that they will be lasting."

Figure 66 shows that student reactions were high across the three

rating scales. Figure 67 shows that both activities were considered

to be important for EM students. Eighty-five percent of the teachers

estimated that one-half or more of their students were able to perform

the behaviors specified by the subobjectives, and they judged the sub-

objectives to be very important (Figures 68 and 69). Again, it is

interesting to note that the teacher who did not follow the strategies

reported the lowest success level for her students.
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100

Percent of
teachers 50

(N=16)
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Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

-1 131 13
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Figure 66. Reaction of the majority of students
to activities 12 and 13
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Figure 67. Importance to students of activities 12 and 13
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Figure 68. Proportion of
students able to perform
on subobjectives for
activities 12 and 13
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68

50

21

0
6 4

5 4 3 2 1

Important Useless

Figure 69. Importance of the
subobjectives

5 = high

3 = neutral
1 = low

II

Percent of
teachers
(N=16)

For activities 14 and 14a optional, 75 percent of the teachers

reported that they used the strategies as described; 25 percent reported

some modifications. Three problems were encountered with activities 14

and 14a. First, too much subject matter is contained in activity 14.

This has been split up into three different activities in the revised
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materials. Second, the kidney model made from the tin can was trouble-

some for some teachers, but refinements have been made and the model

now works very well. Third, the colored dots on the daylight slides

representing urine, blood, etc. were difficult to distinguish by some

students. The dots have now been changed to triangles and more vivid

colors have been used. The success of optional activity 14a (dissect-

ing a real kidney) has led to the inclusion of this as a regular activity.

A review activity has been added to help the students better understand

the "gestalt" of this series of activities. The functioning torso that

is available with the commercial edition will greatly enhance not only

these activities, but the entire instructional sequence.

One teacher's comment should be included here: "Children are

very proud of their attitude toward science. We have not had any

problems with embarrassment over bodily functions in this unit. Their

interest in showing others the new vocabulary they are learning has

prompted the use of appropriate terminology rather than slang terms."

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

63

-

19 19

II

63

25
13

63

19 19

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 70. Reaction of the majority of students
to activities 14 and 14a.

5 = high
3 = neutral
1 = low

Figure 70 shows that students reactions were high across the three

rating scales. Figure 71 shows that both activities were considered

to be important for 1MH students. Sixty-four percent of the teachers
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Figure 71. Importance to students of activities 14 and 14a
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Figure 72. Proportion of
students able to perform
on subobjectives for
activities 14 and 14a
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Figure 73. Importance of the
s'Apobjectives

estimated that three-fourths or more of their students were able to

perform the behaviors specified by the subobjectives; 87 percent esti-

mated that one-half or more of their students could perform successfully

(see Figure 72). Figure 73 shows that the objectives were considered

to be important.

For activity 15, 75 percent of the teachers reported that they

used the strategies as prescribed; 25 percent reported some modifications.

Seventy-five percent reported that the strategies were successful. Some

minor problems were encountered in interpreting the slides of the skin

cross-section, but most were overcome by student-teacher dialogue.

The application extensions to the activities continue to prove very

effective, as is clear from the following feedback: "The discussions

relating to the hygienic aspects were lengthy, rewarding and involved

all the children. The kids always like to apply knowledge gained from
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the 'scientific' approach and relate their personal experiences. By

the way -- #3101 shows great improvement in his personal hygiene and

I attribute much of this gain to our study. This -- coupled with peer

influence (pressure) is paying off.

"On the day we were using this activity a boy 'skinned' his knee.

He peeled off some loose skin and it was a perfect example. I would

not recommend it as a prescribed procedure -- but the coincidence was

great and good therapy for the victim."

Figure 74 shows that student reactions were high across the three

rating scales. Figure 75 shows that activity 15 was considered extremely

important for EMH students. Figure 76 shows that 58 percent of the

teachers estimated that three-fourths or more of tneir students could

successfully perform the behaviors specified; 80 percent reported that

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

63 63 63

19 19 25 19 19

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 74. Reaction of the majority of students
to activity 15

100

Percent 50

Percent of

II
13 teachers

0 (N =16)

5 4 3 2 1

Important --OK -4. Useless

Figure 75. Importance to students of activity 15

5 = high
3 = neutral
1 = low
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Figure 76. Proportion of
students able to perform

on subobjectives for
activity 15
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11_11_11
16

5 4 3 2 1

II

Percent of
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Important OK-.- Useless

Figure 77. Importance of the

subobjectives

one-half or more of their students were successful. Figure 77 shows

that the subobjectives were also judged to be very important.

Fight item pairs were designed to assess achievement on objective

202.
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Item pair 3-A, 8-B functions at the cognitive level of analysis.

Mean net gain from pretest to posttest for the experimental group was

12 percent (from 28 to 40 percent). This gain resulted from losses

from all distractor pairs except D on Form A and A on Form B, where

gains of four percent each were recorded. It is evident from these

results that some students are having problems relating the time
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Table 124. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student

Group
Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of NABCDMO Pre Post

Experi-
mental

3-A

8-B
79

95
30

37
22
19

18
17

30

27
0

0

0

0

95

79

42

41
17

13

7

8

34

38

0

1

0

0

.41

.16

.35

.69

Control
3-A

8-B
80

89
25

45
9

11
11

16
53

27
3

1

0

0

89

80

34

41
13

11

11

8

40

40
...._

0

0

1

0

.22

.29

.59

.29

Table 125. Pretest to Posttest Changes
(The response choice for 3-A is cited first.)

Item Pair 3-A, 8-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A D /1+D B C B+C C B C+B D A D+A

Experi-
mental

Control

+12

+9

+11

+13

+12

+11

-5

+4

-9

-8

-11

0

-6

0 0

+4

-13

+4

-4

+3

-9

elapsed with carbon dioxide content of the breath. The three modifi-

cations mentioned earlier should rectify this problem: counting breaths

instead of time, separating oxygen and carbon dioxide test worksheets,

and separating the testing activities on different days with a strength-

ened review at the end of the activities. Mean net gain for the control

group was 11 percent (from 26 to 37 percent), which is very similar to

the achievement levels of the experimental group. Biserial correlations

for both the experimental and control groups improved from pretest to

posttest which, together with achievement levels, led us to hypothesize

that instruction on this topic occurred within the control group.

Item pair 4-A, 6-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest for the experimental group was

38 percent (from 14 to 52 percent). This gain can be accounted for by
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THE BLADDER IS USED FOR HOLDING, CLEANING, PUMPING, MIXING,

MARK AN X ON YOUR CHOICE,

HOLDING CLEANING PUMPING MIXING

RA
THE BLADDER IS USED AS A PUMP, MIXER, HOLDER, CLEANER? F8

MARK AN X ON YOUR CHOICE.

PUMP
7 1

MIXER
1 HOLDER 1

Table 126. Item Responses and Biserial Correlations
for Experimental and Control Groups

CLEANER

Student
Group

Item
#

Pretest Posttest
rbPercent of 5

NABCDMO
Percent of NABCDMO Pre Post

Experi-
mental

4-A
6-B

79

95

13

42

19

20

37

15

32

23

0

0

0

0

95

79

42

18

22

8

19

62

17

11

0

1

0 .29

-.09
.71

.60

Control
4-A
6-B

80

89

14

33

20

11

40

28

26

27

0

1

0

0

89

80

29

33

17

14

40

28

10

25

2

1

1

0

.40

.13

.61

.74

Table 127. Pretest to Posttest Changes
(The response choice for 4-A is cited first.)

Item Pair 4-A, 6-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A C A+C B D B+D C A C+A D B D+B
Experi-
mental

Control

+29 +47

+15 0

+38

+8

+3 -12

-2

-4

-3

-18 -24 -21

0 0

-15 -12

-1G +3

-13

-6

losses on all other response choices. Mean total gain for the control

group was eight percent (from 21 to 29 percent). Substantial improve-

ment in biserial correlations from pretest to posttest and the excel3.Alt

gains in the experimental group mean scores enable us to attribute these

gains to the effect of instruction.

Item pair 6-A, 2-B functions at the cognitive level of knowledge.

Mean net gain from pretest .o posttest for the experimental group was

20 percent (from 60 to 80 percent) and can be accounted for by losses

on all other response choices. Mean net gain for the control group
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was four percent (from 61 to 65 percent), enabling us to attribute

experimental group gains to the effect of instruction. Improvements

in biserial correlations from pretest to posttest add credence to this

decision.

Table 128. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

6-A
2-B

79

95
5

12

15

12
63

18
16

58
0

1

0

0

95

79

3

6

9

9

83

9

4

76

0

0

0

0

.25

.46

.62

.84

Control
6-A
2-B

80

89
8

8

10

18
70

22

11

52

0

0

1

0

89

80

9

6

9

10

60

13

21

70

0

1

1

0

.45

.27

.61

.56

Table 129. Pretest to Posttest Changes
(The response choice for 6-A is cited first.)

Item Pair 6-A, 2-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C D C+1) A C A+C B B B+B D A D+A
Experi-

mental

Control

+20 +18

-10 +18

+20 -2 -9

-9

-3

-8

-12

+10

-6

-2

-9

+5

Item pair 7-A, 11-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest for the experimental

group was 13 percent (from 72 to 85 percent). Mean net gain for the

control group was five percent (from 68 to 73 percent). The experi-

mental group gains were very encouraging and were attributed to the



150

WHICH OF THE FOLLOWING WORKS MOST LIKE YOUR BLADDER' 7,4 w-1,- Cr T-E FOLLOWING WORKS MOST LIKE YOUR BLADDEP'
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effect of instruction. Biserial correlations for both the experimental

and control groups were excellent.

Table 130. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r'

N

Percent of N

NABCDMOPercent of NABCDMO Pre Post

Experi-

mental

7-A

11-B
79

95

9

9

76

8

10

12

4

69

1

1

0

0

95

79

4 85

0

4

15

6

85

0

0

0

0

.53

.27

.35

.37

Control
7-A

11-B

80

89

8

9

70

7

11

17

10

65

1

2

0

0

89

80

2 75

3

10

19

10

71

1

0

1 .50

.44

.59

.63

Table 131. Pretest to Posttest Changes
(The response choice for 7-A is cited first.)

Item Pair 7-A, 11-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B D B+D A B A+B C C C+C D A D+A

Experi-
mental

Control

-.9 +16

+5 +6

+13 -8

-4

+3

+2 0

+2

0

-9

-1

-4

0

Item pair 14-A, 9-B functions at the cognitive level of compre-

hension. There was a mean net loss of two percent (from 63 to 61 per-

cent) from pretest to posttest for the experimental group. The reason

for this is that this pair of items was geared to an activity that has

been removed from the instructional sequence. There was a mean net
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gain of eight percent (from 60 to 68 percent) for the control group.

Pretest levels indicate that approximately two-thirds of the students

in our sample understand the relationship between energy and heat.

Table 132. Item Responses and Biserial Correlations
for Experimental and Control Groups
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Student

Group
Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi- 14-A 79 6 6 16 71 0 0 95 23 6 9 61 0 0 .38 .31
mental 9-B 95 21 19 55 5 0 0 79 19 16 62_ 3 0 0 .26 .41

Control
14-A 80 14 11 13 63 0 0 89 10 7 10 71 0 0 .44 .54
9-B 89 20 17 56 6 1 0 80 18 16 65_ 1 0 0 .36 .53

Table 133. Pretest to Posttest Changes
(The response choice for 14-A is cited first.)

Item Pair 14-A, 9-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D C D+C D* A+D B A B+A C B C+B

Experi-
mental

Control

-10 +7 -2

+9 +8

+17

-4

-2

-5

+8

-4

0 -2

-2

-3

-1

-6

-2

*A and D are not parallel distractors.

Item pair 21-A, 25-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was 20 percent (from 49 to 69 percent). Mean total gain for the
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WHICH MODEL SHOWS HOW YOUR BODY GETS RID OF URINE?

MARK AN X OR YOUR CHOICE,
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A
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control group was six percent (from 42 to 48 percent), enabling us to

attribute experimental group gains to the effect of instruction.

Success on this pair of items should be even greater when the materials

are used with the functioning human torso that was not available for

the test trials covered in this report. Biserial correlations for the

experimental group indicate that both items are good discriminators.

Table 134. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
bPercent of N

NABCDMO
Percent of NABCDMO Pre Post

Experi-
mental

21-A
25-B

79

95

5

9

20

6

66
35

8

49
1

0

0
0

95

79

3

5

26

14

68
71

2

9

0

1

0

0

.49

.46

.31

.40

Control
21-1

25-B
80

89
15

10

30

11

50

36

5

42
0

1

0

0

89

80
4

5

29

8

47

49

17

39

1

0

1

0

.23

.39

.04

.31

:able 135. Pretest to Posttest Changes
(The response choice for 21-A is cited first.)

Item Pair 21-A, 25-B Percent Change, Pretest to Paz:I-test

Student
Group

Correct
Choice Parallel Distractor Pairs

C C C+C A+D B B+A D+B

Experi-
mental

Control

+36

+13

+20

+6

-2

-11

-40

-3

-21

-8 -1

-4

-5

-6

+12

+8

-3

+1

+5
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Item pair 25-A, 29-B functions at the cognitive level of knowledge.

Mean total gain from pretest to posttest for the experimental group was

seven percent (from 34 to 41 percent). Although gains were made, the

relatively low achievement level confirmed teacher reports that students

were having problems understanding the slides used in these activities.

Artwork has been improved and simplified and the activity has been

strengthened, all of which should improve student performance. Mean

total gain for the control group was four percent. Biserial correlations

indicate that the experimental group taking pretest A and posttest B

performed much better on this item pair than did the pretest B-posttest

A group, which confirms reports received from the teachers.

Table 136. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

25-A

29-B
79

95

18

16

29

34

35

39

15

12

3

0

0

0

95

79

11

13

43

44

39

28

7

14

0

1

0

0

.16

.01

-.01
.22

Control
25-A
29-B

80

89

24

26

25

22

29

27

23

21

0

2

0

1

89

80

9

21

16

23

34

29

39

28

1

0

1

0

.01

.15

.37

.30
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Table 137. Pretest to Posttest Changes
(The response choice for 25-A is cited first.)

Item Pair 25-A, 29-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C 3 C+B A+D B C D A D+A

Experi-
mental

Control

+4 +10

+5 +1

-7

-15

+2

+7

+14 -9

+2

-8

+16

-3

-5

-6

+5

WHAT IS REMOVED FROM THE BLOOD AT THIS POINT

URINE, CARBON DIOXIDE,

FECES, DIGESTIVE JUICE'

MARK AN X ON YOUR CHOICE.

--n
URINE CARBON FECES , DIGESTIVE

DIOXIDE I JUICE
A

29A. WHAT IS REMOVED FROM THE BLOOD AT THIS POINT.

,:TE WATER, CARBON DIOXIDE,

O-DIGESTED FON,

DIGFSTIvE MCP

/

ON YOUR ,NUKE.NARK AN

WASTE

wATEP

A

CARBON INON-DIGESTED DIGESTIVES

DIOXIDE j FOOD 1 JUICE
L_

20p

Item pair 29-A, 20-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest or the experimental

group was 27 percent (from 15 to 42 percent) which can be accounted for

by losses from all distractcrs except carbon dioxide, which had a mean

total gain of five percent (from 18 to 23 percent). Total gains for the

experimental group were excellent, but it is evident that some confusion

still exists between the functions of the lung and kidney. We feel

strongly that the improved slides, functioning torso and films that

will be avai3able with the commercial materials will alleviate this

problem. The mean net loss of one percent (frrm 15 to 14 percent) for

the control group indicates an important gain is attributable to the

affect of instruction in the experimental group. Biserial correlations

were exceptionally good for the experimental group.
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Table 138. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Potttest
r
bPercent of N

NABCDMO
Percent of NABCDMO Pre Post

Experi-
mental

29-A
20-B

79

95

10

20

24

13

47

33

16

33

3

2

0

0

95

79

37

48
23

23

25

20

15

6

0

3

0

0

.40

.52

.71

.40

Control
29-A
20-B

80

89

6

24

23

22

33

33

33

18

6

3

0

0

89

80

13

15

25

15

25

36

34

29

2

4

1

0

.25

.24

.35

.20

Table 139. Pretest to Posttest Chanc-.s
(The response choice for 29-A is citea first.)

Item Pair 29-A, 20-B Percent Change, Pretest to Posttest

Correct
Student

Choice Parallel Distractor Pairs

A A A+A B+B C C C+C D+D

Experi-
mental +27 +28 +27 +10 +5 -22 -13 -17 -1 -27 -15

Control +7 -9 -1 +2 -7 +1 +11 +7

Objective 203. Students will recognize, recall and be able to

synthesize concepts presented in this unit. One student activity and

other instructional strategi,.s were designed to develop student com-

petencies to achieve this objective.

For activity 16, 94 percent of the teachers reported that they

used the strategies as prescribed; six percent reported some modifica-

tion. Ninety-four percent reported that the strategic- were successful.

Some minor problems of reception were encountered with the colors used

in the slides, but modifications should eliminate this problem entirely.
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100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

63 69 63

-

31

1 AR
6

13 13
6

19 13
6

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 78. Reaction of the majority of students
to activity 16

100

Percent 50

0

1wportant

100

Figure 79.

Percent 50 - 50

19 20

0

All 3 1

4- 2

5 4 3 2 1

II

Percent of
teachers
(N=15)

OK Useless

Importance to students of activity 16

100

- 50
Percent of

9
2

teachers

1 ,1 None
21 4

Figure 80. Proportion of
students able to perform
on subobjectives for

activity 16

(N=16)

2

12
2 5

5 4 3 2 1

5 = high
3 = neutral
1 = low

II

Percent of
teachers
(N=15)

Important OK Useless

Figure 81. Titportance of the

subobjectias

Figure 78 shows that student reactions were quite high across the

three rating scales. Figure 79 shows that teachers considered the

activity to be important, and Figure 80 shows that 69 percent of the

teachers reported that three-fourths or more of their students could

successfully perform the behaviors prescribed in the subobjectives of



objective 203. Eighty-nine percent reported that one-half or more of

their students were successful. Figure 81 shows that teachers con-

sidered the ,ubobjectives to be very important.

Three item pairs were designed to assess student achievement on

objective 203.

WHAT CARRIES ALL OF THE FOLLOWING. OXYGEN. 10A

CARBON DIOXIDE, WASTE WATER. FOOD,

MANN AN X ON YOUR CHOICE.

ESOPHAGUS WINDPIPE
I URINE BLOOD

I-- -
A

WHAT CARRIES ALL OF THE FOLLOWING. OXYGEN., ION

CARBON DIOXIDE., WASTE WATER. FOOD'

MAR.. AN X ON YOUR CHOICE.

URINE ESOPHAGUS
; WINDPIPE BLOOD I
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Item pair 10-A, 10-B functions at the cognitive level of knowledge.

Mean total gain from pretest to posttest for the experimental group

was 25 percent (from 47 to 72 percent). This gain can be accounted for

by losses from all other response choices. Mean total gain for the

control group was 12 percent (from 34 to 46 percent). These results

clearly indicate that the experimental group gains can be attributed

to the effect of instruction. Biserial correlations for both the

experimental and control groups are excellent. It is evident from

this item that approximately three-fourths of the students understand

the distributive function of the blood.

Table 140. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

10-A
10-B

79

95

20

12

15

17

24

17

39

55

1

0

0

0

95

79

8

3

14

8

11

11

67

78

0

0

0

0

.06

.19

.54

.65

Control
10-A
10-B

80

89

28

10

28

19

13

37

33

34

0

0

0

0

89

80

16

6

19

23

16

25

47

45

1

1

1

0

.21

.21

.54

.35
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Table 141. Pretest to Posttest Changes
(The response choice for 10-A is cited first.)

Item Pair 10-A, 10-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D D D+D A B A+B B C B+C C A C+A

Experi-
mental +28 +23 +25 -12 -9 -10 -1 -6 -3 -13 -9 -11

Control +14 +11 +12 -12 +4 -4 -9 -12 -11 +3 -4 0

WHICH OF THE CANLLES WOCLD GO OUT FIRST',

4AAY AN X LN THE ,,ICTURE.

A b

wii,invit WILL LIE FIFST,

4... A, N THE tuwt.

Item pair 20-A, 21-B functions at the cognitive level of analysis.

Mean total gain from pretest to posttest for the experimental group

was 22 percent (from 37 to 59 percent). These gains can be accounted

for by losses on all other response choices, except response choice D,

where gains were made on Form B. Mean total gain for the control group

was 17 percent (from 30 to 47 percent). Student achievement on this

item is outstanding considering the complex cognitive processes involved.

The gain from pretest to posttest can clearly be attributed to the

effect of instruction. Biserial correlations for the posttests for

both experimental and control groups were very high.
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Table 142. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

20-A

21-B
79

95

27

22

1

22

41

33

32

23
0

0

0

0

95

79

1

5

4

3

68

49

26

43

0

0

0

0

.32

.52

.43

.49

Control
20-A

21-B
80

89

31

38

9

15

;9

21

20
26

1

0

0

0

89

80

16

24

8

11

48
45

28

20

0

0

1

0

.26

.26

.51

.49

Table 143. Pretest to Posttest Changes
(The response choice for 20-A is cited first.)

Item Pair 20-A, 21-B Percent Change, Pretest to Posttest

Student

Group

Correct
Choice Para11,1 Distractor Pairs

C C C+C A+A B B B+B D D D+D

Experi-
mental

Control

+27 +16

+9 +24

+22

+17

-26

-15

-17

-14

-21

-15 -1

-19

-4

-6

+8

+20 +7

+1

WHICH OF THE FOLLOolh 1 AIT; sIT,T LIkE THE FLOOD, 2/A IPICH OF TE FOLLOWII.O ACT: 40`T LI,E THE A.001., IGe

MARK AN X ,r4 NE PI,TV1 frd ..AR. AY r EN 'NE *1CTU.E YOU E.T,,SE.

A

Item pair 27-A, 16-B functions at the cognitive level of compre-

hension. Mean total gain from pretest to posttest for the experimental

group was 16 percent (from 62 to 78 percent). The gains can be accounted

for by losses on all other response choices. Mean total gain for the

control group was eight percent (from 59 to 67 percent), enabling
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to attribute the experimental group gains to the effect of instruction.

This item pair and the previous two item pairs were designed to assess

student achievement on summary items, and experimental group achievement

here is encouraging, especially in view of the cognitive processes in-

volved. Biserial correlations for both pretests and posttests indicate

that this item pair is discriminating between high and low scoring

students.

Table 144. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
rb

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

27-A
16-B

79

95

51

73

35

14

13

0

0

14

1

0

0

0

95

79

63

87

24

8

6

0

0

5

0

0

0

0

.27

.54

.60

.65

Control
27-A
16-B

80

89

43

74

43

15

11

1

4

7

0

3

0

0

89

80

64

71

20

11

13

1

1

16

0

0

1

0

.22

.59

.37

.40

Table 145. Pretest to Posttest Changes
(The response choice for 27-A is cited first.)

Item Pair 27-A, 16-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distracter Pairs

A A A+A B B B+B C C C+C D D D+D

Experi-
mental

Control

+18

+21

+14

-3

+16

+12

-11

-23

-6

-4

-8

-13

0

0

0

-3

-9

+9

-5

+2
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Objective Achievement Tests

Descriptive Data and Interpretation. Pretests were administered

to experimental classes between January 5 and March 2, 1971 and to con-

trol classes between January 7 and 19, 1971. As was the case with Unit

I, differences in the amount of time devoted to science instruction

caused a wide difference in posttest administration dates within the

experimental group. The earliest was February 1, 1971 and the latest

was March 31, 1971. Control group posttests were administered between

February 10 and March 15, 1971.

Raw score frequency distributions on the tests for both experimen-

tal and control groups are shown in Table 146. Tables 147 and 148

provide more detailed descriptive data on pretest and posttest scores

and on residual gain scores, calculated with the raw regression coeffi-

cient for the combined experimental and control classes. The interpre-

tations that follow are based upon the data provided in these tables.

1. Experimental classes using pretest Form A had similar pretest means,

within the standard error of measurement. Experimental classes

using pretest Form B registered means outside the range of the

standard error of measurement, indicating different levels of

student knowledge prior to instruction in Unit II. This result

indicates that covariance analysis with pretest and posttest scores

and/or analysis of variance using residual gain scores will be

necessary for any comparisons of student achievement among experi-

mental classes.

2. Posttest means for Forms A and B were also outside of the standard

error of measurement, but posttest reliabilities were above the
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Table 146. Frequency Distribution of Raw Scores for
Test Forms A and B, Experimental and Control Groups

Experimental Groups Control Groups

Raw
Scores

Pre
A

Post
B

Pre

B
Post
A

Pre
A

Post
B

Pre
B

Post
A

30

28-29 1

26-27 4 4

24-25 9 1 9 2 2

22-23 1 14 4 7 4 4

20-21 1 12 2 8 1 9 3 2

18-19 7 10 5 13 5 5 4 10

16-17 15 6 9 26 17 13 12 11

14-15 19 12 20 11 16 11 24 15

12-13 14 6 23 10 19 17 21 30

10-11 15 3 14 5 14 7 13 6

8-9 5 1 15 6 10 6 6

6-7 1 2 2 1 2 2 4 1

4-5 2

2-3 1 1

0-1 1

Totals 79 79 95 95 80 80 89 89

minimum acceptable level of .70. Fifteen of 16 experimental classes

showed positive mean residual gain scores and the one negative score

was not seriously low. A multiple stepwise regression was performed

to determine the effects of the independent variables on posttest

scores. Analysis of variance on residual gain scores was also per-

formed to confirm the results of the covariance analysis.

3. Means for control classes using pretest Form 13 were within the

limits of the standard error of measurement tut those using pretest
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Form A were not, indicating different levels of knowledge at the

time of pretesting.

4. Posttest means for control classes were outside the limits of the

standard error of measurement for both Form A and Form B. This

result together with positive mean residual gain scores for classes

91 and 93 and the high gains on some test items, indicate that

instruction probably took place in these classes between pretesting

and posttesting. This eliminates the possibility of using control

classes to compute a test-retest reliability for Unit II. An exam-

ination of the control group test score frequence distribution (see

Table 146), also indicates small upward shifts.

Multi Stepwise Regression Analysis

Experimental Group, Unit II. To determine the effect of the inde-

pendent variables on posttest :ores, the following question was investi-

gated: "Is there a significant difference in the level of achievement

on the posttest among students in EMH classes having different background

variables?"

The following independent variables were used to test this question:

sex, age, WISC Full Scale IQ, race, teacher's assessment of reading

achievement, teacher's assessment of verbal Participation, and pretest

score. All scores from Form A and Form B were pooled and treated as the

results from one test.

The results for the posttest administered to the 174 students in the

Unit II experimental group are summarized in Table 149.

The F-value for each independent variable determines the level at
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which that variable is a significant predictor of a score on the posttest

instrument.

Table 149. Results of Multiple Linear Regression Analysis,
Experimental Group, Unit II

Independent Variable si Si13 F

Sex -1.4771 .5819 6.4424**

Age 0.0169 .0152 1.2352

WISC Total IQ 0.0940 .0242 15.0687***

Race -0.4357 .4137 1.1087

Reading Achievement 0.4977 .2310 4.6397*

Verbal Participation -0.3070 .2514 1.4913

Pretest 0.5622 .0848 43.9080***

*Significant at .05 level, F.
05(1,166)

= 3.84

**Significant at .025 level,
F

= 5.02
.025(1,166)

***Significant at .001 level, F.
001(1,166)

= 10.83

Discussion

The data indicate that age, race and teacher's assessment of verbal

participation are not significant predictors of success on the posttest.

WISC Total IQ and the pretest score, however, are highly significant pre-

dictors of success on the posttest (P<.001). Sex is also a significant

predictor (P<.025), as is the teacher's assessment of reading ability

(P<.05). These results are essentially equivalent to those of

Unit I -- that is WISC IQ and prior knowledge of the subject matter,

as measured by the pretest score, are the best determinants of the

level of success on the posttest instrument. It is logical to assume

that a student with a high score on a pretest instrument will likewise
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achieve a high score on a parallel form of the same instrument adminis-

tered as a posttest after instruction. An analysis of variance on

residual gain scores was computed to determine the exact relationship

between sex, reading level, IQ and success on the posttest.

The effect of the pretest accounts for approximately 35.8 percent

of the variance in the regression equation. This is not as high as the

44.2 percent accounted for in the Unit I testing but is still satisfactory.

The combination of pretest and WISC Total IQ account for 41.4 percent of

the variance in Unit II, while the same two variables accounted for 48.8

Table 150. Matrix of Correlation Coefficients
Experimental Group, Unit II

Age
Total
IQ Race

Reading Verbal
Achieve- Partici-
ment pation

Pre-
test

Post-
test

Sex

Age

Total
IQ

Race

Reading
Achieve-
ment

Verbal
Partici-
pation

Pretest

-.093 -.128

-.085

-.090

-.259

-.018

.081

.166

.207

-.088

-.021

.023

.205

-.185

.387

-.202

.317

.281

-.029

.331

.237

-.261

.246

.394

-.084

.315

.149

.599

percent in Unit I. The inclusion of all seven independent variables

accounts for 45.8 percent of the variance in the regression equation, as

contrasted with the 53.5 percent accounted for in Unit I. Both levels

are entirely satisfactory, but the question of what accounts for the

remaining variance in both units seems puzzling. A likely hypothesis

is that the teacher effect plays an extremely important role.
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Table 15.1. Multiple Stepwise Regression Analysis
Experimental Group, Unit II

Step
Num-
ber

Variable
Entered

Multiple

2
r r

Increase

in r

No. of
F-Value Independent

to Remove Variables

1 Pretest .5986 .3583 .3583 96.0454 1

2 Total IQ .6432 .4137 .0554 16.1633 2

3 Sex .6554 .4295 .0158 4.6936 3

4
Reading

6659
Achievement'

.4434 .0139 4.2237 4

5 Age .6717 .4512 .0078 2.3925 5

Verbal
6 Partici-

pation
.6743 .4547 .0035 1.0734 6

7 Race .6770 .4583 .0036 1.1087 7

Analysis of Variance and Covariance
Experimental Group

Two different statistical analyses were performed to investigate

the question, "Is there a significant difference between experimental

classes in the level of achiv-ement on the Unit II posttest?" The

results of an analysis of covariance are summarized in Table 152.

Table 152.. Analysis of Covariance Between Classes
r'n Adjusted Unit II Posttest Means, Pretest as Covariace

Source d.f. Mean Square F-Ratio

Between Group-4 15 34.9766 3.0206**

Within Groups 164 11.5794

**Significant at .00] level, F
.001(15,157)

= 2.51
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These results indicate that significant differences do exist between

experimental classes on posttest means adjusted for differences in

pretest scores.

Table 153 summarizes the means and standard deviit ons for pretests

and posttests for each class in the experimental group.

Table 153. N, Means, Standard Deviations, and Adjusted Means of
16 Classes Experimental Group, Unit II

Class

Number N
Posttest
Mean

Posttest
Standard

Deviations

Adjusted
Posttest
Mean

Pretest
Mean

21 5 16.20 7.66 16.55 13.00

22 10 18.80 5.59 19.01 13.20

23 12 18.25 3.82 17.46 14.5Fi

24 11 14.64 3.70 15.19 12.'3
25 10 21.00 4.16 20.56 14.10

26 13 22.15 2.19 21.90 13.85

27 10 17.30 4.19 17.29 13.50
28 8 19.63 4.24 18.53 15.00

31 9 21.00 4.69 21.43 12.89

32 12 15.42 3.87 17.15 11.08

33 11 19.36 4.37 17.15 16.55

34 13 18.77 4.09 18.07 14.46

35 11 -5.00 3.46 18.13 10.55

36 11 20.09 3.88 18.54 15.64

37 15 16.07 3.22 16.81 12.47

38 13 16.85 5.44 17.42 12.69

An analysis of variance on residual gain scores was performed to

confirm the results of the analysis of covariance. The residual gain

score used in this analysis was computed using the within -clans pooled

regression coefficient of experimental classes only. The results of
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the analysis of variance, indicating a significant difference at the

.001 level, are summarized in Table 154.

This is the same result obtained with the analysis of covariance,

but is somewhat surprising since no differences were found between

classes in Unit I. Table 155 summarizes the means and standard devia-

tions for residual gain scores for each class in the experimental group.

Table 154. Analysis of Variance Between Classes on Residual Gain
Scores, Experimental Group, Unit II

Source' d.f. Mean Square

Between Groups

Within Groups

15

158

35.1114

11.5061

F-Ratio

3.0515**

**Significance at the .001 level, F.001(15,158) = 2.51

Discussion

The significant differences between experimental classes were not

entirely unexpected. Teachers deviated from recommended strategies

much more in Unit II than in Unit I. Since there is surely a link

between teacher performance and student achievement in a program like

ME NOW, we feel that teacher behavior and comportment are important

factors in the significant differences. The importance of classroom

observers during experimental trials should be emphasized in future

trials o_ similar materials.

Factorial Analysis, Experimental Group

The results of the multiple linear regression on the posLtest

indicated that WISC Total IQ, sex and teacher's assessment of reading
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achievement were significant predictors of success on the posttest

To further investigate this result and to minimize the effect of the

regression to the posttest mean, the following question was investi-

gated: "Is there a significant difference in residual gain scores

between students blocked on two levels of sex, three ranges of WISC

Full Scale IQ scores, and three ranges of reading achievement?"

For Unit II, factorial analyses were also performed using WISC

Verbal and Numerical IQ scores. Because these data are available for

a reduced number of students, these analyses were not performed in the

three-dimensional model used in the Unit II analysis. Only the results

Table 155. Residual Gain, Class Data,
Experimental Group, Unit II

Class
Number N Mean

Standard
Deviation

Standard
Error Maximum Minimum Range

21 5 -1.65 5.48 2.45 3.99 -9.40 13.39

22 10 0.81 4.00 1.26 7.43 -6.23 13.66

23 12 -0.74 3.23 0.93 2.26 -5.29 7.55

24 11 -3.01 4.07 1.23 3.32 -8.01 11.33

25 10 2.36 3.48 1.10 5.99 -5.57 11.56

26 13 3.70 3.14 0.87 8.60 -0.46 9.06

27 10 -0.91 2.40 0.76 4.04 -3.57 7.61

28 8 0.33 2.78 0.98 4.15 -2.68 6.83

31 9 3.23 3.21 1.07 7.15 -3.23 10.38

32 12 -1.04 3.40 0.98 5.43 -7.29 12.72

33 11 -1.04 2.46 0.74 2.99 -4.8C 7.79

34 13 -0.13 3.23 0.90 4.82 -6.01 10.83

35 11 -0.07 3.81 1.15 6.88 -6.74 13.62

36 11 0.34 2.82 0.85 4.37 -5.74 10.11

37 15 -1.39 2.44 0.63 2.77 -5.57 8.34

38 13 -0.78 4.46 1.24 6.15 -6.50 12.65
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of the analysis using WISC Full Scale IQ scores with 172 students are

reported here.

Residual gain scores for 172 students with WISC Full Scale IQ data

were blocked in two different levels of sex: male and female; on three

different levels of WISC IQ scores: 66 and less, 67 to 79, and 80

and above; and on three levels of reading achievement: readiness and

first grade, second grade, and combined third, fourth and fifth grades.

An analysis of variance was performed on the residual gain scores in

this 2x3x3 factorial design. Table 156 summarizes the results of the

analysis of variance, indicating no significant differences between

reading groups, no significant interaction effects for any level of

interaction, and significant differences between levels of sex and

WISC Full Scale IQ.

Table 156. ANOVA, Residual Gain Blocked on MSC Full Scale IQ, Sex and
Reading Level, Experimental Group, Unit II

Source d.f.
Hypothesis
Mean Square F

Significance
Level

Between Sex Levels 1 7.9648 6.2665 P<.0134

Between IQ -evels 2 91.2407 7.5267 P<.0008

Between Reading Levels 2 23.2840 1.9208 P<.1500
Sex - IQ Interactions 2 8.1854 .6752 P<.5106
Sex - Reading InteractLn 2 22.0845 1.8218 P<.1652
IQ - Reading Interaction 3 10.8181 .8924 P<.4466
High Level Interaction 4 16.6317 1.3720 P<.2462

Table 157 summarizes the means and standard deviations for each cell

in the analysis. Table 158 summarizes the means for the combined cells

which form the its of concern.
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Table 157. Cell Means and Standard Deviations for Factorial Analysis,
Blocked Data, Unit II

Factor Levels Standard
Cell Sex WISC IQ Reading N Mean Deviation

1 Male <66 Readiness 14 -1.58 3.29
First Grade

2 Male .<_66 Second Grade 4 -2.21 5.13

3 Male <66 Fourth, Fifth 3 1.06 2.92
Sixth Grade

4 Male 67 - 79 Readiness 20 -0.61 3.93

First Grade

5 Male 67 - 79 Second Grade 29 0.79 4.35

6 Male 67 - 79 Fourth, Fifth 23 0.63 2.91
Sixth Grade

7 Male >80 Readiness 6 4.46 1.84
First Grade

8 Male >80 Second Grade 3 1.89 4.59

9 Male >80 Fourth, Fifth 13 1.73 2.77
Sixth Grade

10 Female <66 Readiness - 6 -3.99 2.36
First Grade

11 Female <66 Second Grade 6 -0.42 4.50

12 Female <66 Fourth, Fifth 4 -1.92 1.22
Sixth Grade

13 Female 67 79 Readiness 11 -2.25 2.68
First Grade

14 Female 67 - 79 Second Grade 7 1.62 2.56

15 Female 67 - 79 Fourth, Fifth 16 -0.41 3.12

Sixth Grade

16 Female >80 Readiness - 0

First Grade

17 Female >80 Second Grade 4 -0.93 5.35

18 Female >80 Fourth, Fifth 3 1.47 1.95
Sixth Grade
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Table 158. Means for Combined Cells - Factorial Analysis
Experimental Group, Unit II

Factor Level
Mean

Males
0.46

Females
-0.96

WISC I Q <66
-1.67

WI,SC I Q 67 - 79
3.82

WISC I Q 80 and above
1.92

Readiness - First Grade Reading -1.01

Second Grade Reading
0.47

Fourth, Fifth, Sixth Grade Reading 0.49

Discussion

the analyses of variance were computed in the 2x3x3 factorial

design with residual gain scores blocked on sex; low, middle and high

ranges of WISC Full Scale IQ; and three ranges of reading ability. The

results indicate that there are no significant differences between

reading levels when the residual gain score is the dependent variable.

Reading achievement for Unit II must be treated like age in Unit I --

the multiple linear regression identified both as predictors of success

on the posttest instrument, but there are no differences in posttest

achievement between the reading levels used in this analysis. A regres-

sion to the posttest mean could account for the results of the regression

analysis.

There was a significant difference in level of achievement between

males and females in Unit II (P<.0134). We can only conclude that males

do better than females. Any speculation on why would be 'lly that --

speculation.
4,110 f At-4

Students in Unit II with WISC Full Scale IQ scores between 67 and

79 scored significantly higher than students with IQ scores of 80 and
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above. Both of these groups scored significantly higher than students

whose IQ score was 66 or less (P<.0008). Since ME NOW was designed for

students with an IQ of 65 to 80, these results indicate that the Unit II

materials are suitable for the target population. The ME NOW materials

are probably too difficult for students with WISC Full Scale IQ scores

below 65. Why students with IQ scores of 80 and above did not achieve

higher scores is unknown. Many such students in EMH classes are emo-

tionally disturbed and not mentally handicapped. The effect of mental

disturbances on achievement in ME NOW has not been investigated. Sug-

gestions for teachers should be included in the Teacher's Guide for

students with IQ scores below 65.

Experimental-Control Group Analyses

To investigate the question, "Is there a significant difference in

student achievement between the experimental and control groups?"

residual gain scores were com.mted using the raw regression coefficient,

obtained by pooling all experimental and control students, and an

analysis of variance was performed. Table 159 summarizes the mean

residual gain scores and standard deviations for both groups.

Table 159. Residual ,air. Means and Standard Deviations
Experimental and Control Groups, Unit II

Standard
Group N Mean Deviation

Experimental 174 1.7t. 3.68

Control 169 -1.79 3.61
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Table 160 summarizes the results of the analysis of variance,

indicating a significant difference between experimental and control

groups (P<.001) .

Table 160. ANOVA, Experimental and Control
Residual Gain Scores, Unit II

Source d.f. Mean Square F-Ratio

Between Groups

Within Groups

1

341

1083.4948

13.2832

81.5690**

**Significant at .001 level, F
,001(1,341)

= 10.83

Discussion

The results of the analysis of variance indicated that there was a

significant difference between the experimental and control groups

on residual gain scores (P<.001). On the basis of these results, we

concluded that the experimental Unit II materials did have an effect

on EMH students, as assessed by the objective tests. All 30 items on

both forms assessed achievement on major objectives in Unit II, four

were judged to measure baseline information, and 27 were considered to

be good indicators of student growth from pretest to posttest.

iaCt0- Analysis

To aetermine the structure of the Unit II achievement tests, a

Harris-Kaiser oblique, unnormalized, orthogonal rotation was performed

on the results of posttests A and B. For posttest A, 19 factors were

identified which accounted for 48.3 percent of the variance. For
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posttest B, 19 factors were identified which accounted for 51.5 percent

of the variance.

Table 161 presents the results for posttest A showing only those

factors with eigenvalues above 1. The objective measured and cognitive

level of each item is included, as is a hypothetical name for each

factor. The cognitive levels identified are the same as for Unit I.

Table 161. Factor Structure - Unit II, Posttest A

Factor Items Cognitive
Level Objective Name

1

2

3

4

5

9 low 200 diaphragm identification

22 knowledge 200

5 low 201 exercise. - energy release

14 low 202 relationships

24 low 201 respiratory circulatory
30 high 2C0 relationships

13 knowledge 200 respiratory - excretory

29 low 202 relationships

3 high 202 oxygen - carbor. dioxide

28 low 201 relationships

Table 162 presents the results for posttest B showing only those

factors with eigenvalues above 1.

Although no pairs of factors from the two test forms were identical,

seven item pairs appeared in the five factors reported here. Items

loading on the five factors with eigenvalues abow, 1 in each test form

were well distributed across the test and measured identical or closely

related objectives.
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Table 162. Factor Structure - Unit II, Posttest B

Factor Items
Cognitive

Level
Objective Name

1 9 low 202 respiratory - energy

15 knowledge 201 relationships

2t3 low 202

2 6 knowledge 202 organ recognition

18 knowledge 200

3 25 low, 202 circulatory respiratory

10 knowledge 203 relationships

4 12 low 201 exercise - breathing rate

relationships

5 1 high 200 respiratory excretory

7 low 200 functions

20 low 202

Sumary

We can safely conclude that the EMH students in our sample learned

from the experimental Lna II materials. Pretest-to-posttest gains in

item scorns were generally excellent and item response pat rns helped

identify and/or confirm problems with the experimental materials.

Student enthusiasm was high and teacher feedback indicated that there

were many applications and extensions to the activitl,,s. Experimental

group achievement was superior to that of the control group, in spite

of the fact that three control classes were taught the subject matter

covered by the tests because of student interest generated during test

administration.



CHAPTER IV

EVALUATION OF UNIT III

MOVEMENT, SUPPORT, AND SENSORY PERCEPTION

The Instructional Program

For the experimental classes, instruction with the experimental

Unit III materials was _nitiated in the Spring of 1971. The first

class began on February 3 and the last on April 1, 1971. The first

class finished Unit III on March 8 and the last class finished on

May 5, 1971. The total class time devoted to instruction of Unit III

ranged from 450 to 1,290 minutes, with a mean for the 16 classes of

659 minutes (11 hours).

The role of muscle, bones, brain, nerves and sensory receptors in

ME NOW is the focus of Unit III. Students begin the unit by feeling

their biceps relax and contract and then build a paper model of a

muscle. The relationship bet .'een muscles and bones is developed by

attaching the muscle model to yardsti:ks; the students' conclusions are

verified by dissecting a chicken wing and observing the muscles and bones.

Muscle conditioning by exercise is investigated, followed by an investi-

gation of the protective functions of bones and muscles.

The concept of balance is introduced by using a ruler and paper

clips, after which inquiries are conducted using each of the senses

separately. A field trip through the school with blindfolds in place

helps students utilize senses other than sight in determining their

location within the building. The interaction of senses and student

reaction to sensory stimuli is investigated. A review of the role of
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the senses is conducted by using the film, Me and Senses. The co-

ordinating role of the brain is investigated through the use of a puppet

and slides, as is the role of the nerves. The role of the brain in learn-

ing is investigated by using slides and a maze, and the different percep-

tions of objects by different people is investigated by the use of inkblots,

slides and worksheets. An attempt to influence student attitude in a

positive manner is made in the last activity through thr use of the film,

Garbage, and student-teacher dialogue.

Objective 300. Students will associate bones and muscles with body

movement, support and balance. Six student activities and other instruc-

tional strategies were designed to develop student competencies to

achieve this objective.

For activities 1 to 3, 75 percent of the teachers reported using

the strategies as prescribed; 25 percent reported some modification.

Ninety-four percent reported the strategies successful. One teacher

reported that her students encountered difficulties in folding the paper

to construct the muscle model. Another teacher reported, "After children

made the bone-muscle model, which they did much faster and with much

more accuracy than I thought they would, we taped a foot on it and it

became a leg, next we taped a head on it and it became a neck. This,

I think, reinforced the idea of muscle-bone relation."

Another teacher reported, "Since we adults had trouble with this

activity I knew my class would not be able to work with the chicken wing.

So, we all sat around a table and I worked with the wing while they

watched. Twice I passed the wing around so they could see what I was

doing."
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In contrast to the above statement, another teacher wrote, "The

dissecting of the chicken wings was out of sight. All the kids were

really motivated and excited. I let each child have his own wing within

the grouped situation. This added to the motivation and learning desired.

I got two chicken feet from the market and we found the tendons in the

'skin' part -- by pulling tendons, we were able to make the chicken claws

'curl up' and straighten when the tendons were released. This delighted

the kids and of course they all got into the act."

Another teacher remarked, "I have regular fourth and sixth graders

participate in our science program. My boys have a considerably better

understanding of arm structure than either of these groups."

It is evident that where prescribed strategies were followed,

student enthusiasm was high and they were able to perform the tasks in

'he activities. However, as the literature states repeatedly, where a

teacher's expectation is very low, student success will also be very

low.

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

63

_

n
6

63

31

6

-
31

6
I=

5 4 3 2 1 5 4 3 2 1 5 4 2 1

5 = high
3 = neutral
1 = low

Figure 82. Reaction of the major!ty of students
to activities 1 to 3

Figure 82 shows that teachers found student reactions to be very

high across the three rating scales. All activities were judged to be

important, Mit activity 3 was rated more important than 1 or 2. The

average rating for the three activities is found in Figure 83.
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Figure 83. Importance to students of activities 1 to 3

Figure 84 shows the proportion of students who were able to per-

form the behaviors specified by the seven subobjectives. Eighty-seven

percent of the teachers reported that three-fourths or more of their

students could perform the prescribed behaviors. Teachers considered

the subobjectives for thip objective to be important (see Figure 85).
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Figure 84. Proportion of Figure 85. Importance of the
students able to perform subobjectives
on subobjectives of

cbjective 300

For activities 4 to 6, 63 percent of the teachers reported using

the strategies as described; 37 percent reported some modification.

All teachers reported the strategies successful. One very useful modi-

fication was suggested by a teacher: "Instead of giving everyone a

box to work with for the balancing, for my group I felt it wiser to

present the task as a challenge to individuals. Different people,

ultimately everyone, volunteered to demonstrate the fete. The focus of



attention was much more intent on the idea and what it meant than if I

had asked everyone to do it at the same time."

Figure 86 shows that teachers found student reactions to be high

across the three rating scales. Activity 6 was considered to be more

important than activity 5, and activity 4 was considered to be least

important of the three. The average ratings for the three activities

are shown in Figure 87.
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Figure 86. Reaction of the majority of students
to activities 4 to 6
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Figure 87. Importance to students of activities 4 to 6

Figure 88 shows the proportion of students who were able to per-

form the behaviors specified by the seven subobjectives. Sixty-five

percent of the teachers reported that three-fourths or more of their

students were successful. Teachers considered the subobjectives to be

important (see Figure 89).
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Eight item pairs were designed to sample achievement on this

objective,

2A

WHICH PERSON IS DuINC THE BEST THING TO MAKE HIS MUSCLES STRONGER'

jIRN m K ON 7NAT PERSON.

3s

WHICH PERSON IS DOING THE BEST THING TO MAKE HER MUSCLES STRONGER'

MkRil /1XONTmATPERSON.

Item pair 2-A, 3-B functions at the cognitive level of comprehen-

sion. Mean total gain from pretest to posttest for the experimental group

was nine percent (from 71 to 80 percent). However, the achievement level

on Form B was much lower than on Form A. This suggests that students are

having difficulty identifying dancing as an exercise more strenuous than

walking. Consequently, the dancing girl was replaced by a swimmer.

There was a mean net loss of four percent from pretest to posttest for

the control group. Therefore experimental group gains can be attributed

to the affect of instruction. Biserial correlation levels indicate that

both items are good discriminators.
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Table 163. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percenf-ai N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

2-A
3-B

78

85

0

47

0

2

95
0

5

51

0

0

0

0

85

78
0

65
1

1

94

1

5

32

0

0

0

0

.55

.23

.40

.36

Control
2-A

3-B

84

82

0

52

2

1

94

6

4

40

0

0

0

0

82

84

0

48
.......

2

4

91

0

6

48

0

0

0

1

.39

.17

.54

.42

Table 164. Pretest to Posttest Changes
(The response choice for 2-A is cited first.)

Item Pair 2-A, 3-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C A C+A A C A+C B B B+B D D D+D

Experi-
mental

Control

+18

-4

0

0

+1

-6 0

-1

+3

0

+1

0

+2

-19

+8

-10

+3

*AT X THE sTips 'WEL OF THE AR" STU PP 12501, TOT, 3A

SKIT,

Fox ks 7 Ch TttE wCACI ITO 000SE.

MUSCLE

A

r BONE SKIN JOINT

:It
4A1 T.f FOCA: PAPEF iN Tit ''fat. OF IHF AP" 7,TAND FOP. MUSCLE.
vNNI SYIN, MINT,

/P AN 4i T4, iv, Y,A.

'NACU. BONE SKIN ; JOINT

Item pair 3-A, 11-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretc..t to posttest for the experimental group

was 16 percent (from 53 to 69 percent). Since achievement on Form B is

higher than on Form A, it appears that students are more familiar with

muscle than with bone. It was suggested that more emphasis be placed on
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the role of bones in the revised materials. Mean net gain for the control

group was one percent (from 45 to 46 percent). This result enables us

to attribute experimental group gains to the effect of instruction. Bi-

serial correlations for the experimental group are very high.

Table 165. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest 1 Posttest
rb

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

3-A

11-8
78

85

53

73

32

9

6

4

9

14

0

0

0

0

85

78

27

88

51

1

5

3

18

8

0

0

0 .50

0 .61

.53

.63

Control
3-A

11 -B

84

82

52

66
24

6

8

6

15

17

0

4

0

1

82

84

55

74

18

7

6

5

18

14

1

0

1

0

.33

.50

-.10
.70

Table 166. Pretest to Posttest Changes
(The response choice for 3-A is cited first.)

Item Pair 3-A, 11-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B A B+A A B A+B C C C+C D D D+D

Expe ri-

mental

Control

+19 +15

-6 +8

+16

+1

-26 -8

+1

-17 -1 -1

-1

+9

+3

-6

-3

+1

0

WHICH IS A in NT,

nip IA A IN THE CIRCLE ON THE LINE NAT TOUO.ES NE. XII/
A

rriT1
"d, :44 a I+ ,( r. oriE' NE rt.,/

2e

Item pair 6-A, 2-B functions at the cognitive level of knowledge

Mean total gain from pretest to posttest for the experimental group was

16 percent (from 59 to 75 percent). Mean gain for the control group was



18/

Table 167. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
rb

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

6-A
2-B

78

85

13

4

26

13

50

68
...._

12

15

0

0

0 85

78

6

0

9

6

68

82

16

12

0

0

0 .65

.71

.71

.63

Control
6-A
2-B

84

82

11

5

17
17

57

61

15

16

0

0

0 82

84

11

6

18

11

57

70

12

13

0

0

1 .47

.59

.67

.67

Table 168. Pretest to Posttest Changes
(The response choice for 6-A is cited first.)

Item Pair 6-A, 2-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C C C+C A A+A B+ts

Experi-
mental

Control

+18

0

+14

+9

+16

+5

-7

0

-4

+1

-17

1

-7

-6

-11

-3

+4

-3

-3

-3

0

-2

five percent (from 59 to 64 percent), thus the experimental group gains

can be attributed to the effect of instruction. It appears that EMH

students in our sample recognized the ankle as a joint with more facil-

ity than the wrist; the reason why has not been investigated. Biserial

correlations are excellent for both experimental and control groups.

THESE ARE DRAIIINCS OF DIFFERENT MUSCLES. I1A

/41

-- I /i
", I;A '
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4 1 3S D( Ann-ACOAING nrsai WAITE A 2 IN NE READIVW in AAAAA.
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4; n. it 7 .
L F. jr. ^.r r, 4.

Item pair 11-A, 14 -B functions at the cognitive level of analysis

and provides baseline information concerning students' knowledge of the

manner in which muscles work. Although no gains were achieved by the
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Table 169. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

-

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

11-A
14-B

78

85
90
1

3

90
1

2

3

4

0

2

4

1

85
78

92

1

6

87
0

1

0

1

1

3

0

6
.74

.63

.75

.68

Control
11-A

14-B
84

B2

93

3

1

80

2

4

1

2

0

1

2

8

82

84
90 0

88

1

0

0

1

6

2

2

4

.60

.72

.22

.645

Table 170. Pretest to Posttest Changes
(The response choice for 11-A is cited first.)

Item Pair 11-A, 14-B Percent Change Pfetest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A B A+B B A B+A C C C+C D D D+D
Experi-
mental

Control

+2 -3

+8 -1

0

+2

-1 -1

-4 -3

-3

-1

-3

-1

-4

0

experimental group, an achievement level of 90 percent is entirely

satisfactory. The control group gained two percent from pretest to

posttest (from 87 to 89 percent). It is evident that the students are

already familiar with the concept of muscle contraction, but the ME NOW

Unit III materials are designed to start at this point and build up a

knowledge of the relationships between the muscular system and the other

systems of the body. Biserial correlations are exceptionally high for

the experimental group and for all but posttest Form A of the control

group.

Item pair 13-A, 23-B functions at the cognitive level of comprehen-

sion and provides baseline information on students's knowledge of a

concept of balance. Mean total gain from pretest to posttest for the
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experimental group was seven percent (from 78 to 85 percent). Mean

total gain for the control group was ten percent (from 78 to 88 percent).

Because of the control group gains, no effect can be attributed to in-

struction, but the gains can be accounted for by losses on all other

response choices. Biserial correlations indicate that the items discrim-

inated well between high- and low-scoring students, except in the case

of posttest Form B in the experimental group.

Table 171. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NARCDMO Post

Experi- 13-A 78 4 78 13 4 1 0 85 2 87 7 4 0 0 .31 .59
mental 23-B 85 5 13 78 4 1 0 78 1 12 83_ 3 1 0 .28 .09

Control
13-A
23-B

84
82

4

6

81

13

14

74

1

5

0

0

0

1

82

84

0

2

90

12

9

86

0

0

0

0

1

0

.34

.33

.34

.42

Table 172. Pretest to Posttest Changes
(The response choice for 13-A is cited first.)

Item Pair 13-A, 23-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B C B+C A D A+D D A D+A C B C+B

Experi-
mental

Control

+9 +5

+9 +12 4+10

-1

-5

0

-1

-4

-4

-6

-5

-1

-1
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Item pair 20-A, 16-B functions at the cognitive level of analysis.

Mean total gain from pretest to posttest for the experimental group was

16 percent (from 51 to 67 percent). With the exception of the response

choice "skin and bones" all other distractors dropped from pretest to

posttest. Mean total gain for the control group was ten percent (from

50 to 60 percent). Based on these results, we can attribute experimental

group gains to the effect of instruction. The revised materials should

Table 173. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

20-A
16-B

78

85

9

5

12

9

32

54

47

29

0

1

0

1

85

78

13

4

6

12

19

73

61

12

0

0

1

0

.48

.63

.52

.49

Control
20-A
16-B

84

82

8

5

15

20

24

48

52

24

0

1

0 82

84

5

7

13

10

21

60
60

24

0

0

1 .46

.42

.46

.58

Table 174. Pretest to Posttest Changes
(The response choice for 20-A is cited first.)

Item Pair 20-A, 16-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D C D+C A B A+B B A B+A C D C+D

Experi-
mental

Control

+14 +19 +16

+8 +12 +10

+4

-3

+3

-10

+4

-6

-6

-2

-1

+2

-3

0

-13

-3

-11

0

-14

-1
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emphasize the difference between skin and muscle to avoid this problem.

Biserial correlations are excellent for both experimental and control

groups.

22A

FruowiNs IS THE BEST PPOTECIOR FOP BONES AND .10WW,

.14. NI 7.1N T-E .:.1(Tu4E Ou 4005E.

111

.^; PCILNIV, "!. LEST PPOTE:TOP rPP AY. ' "0_
.1

Item pair 22-A, 19-B functions at the cognitive level of comprehen-

sion. Mean total gain from pretest to posttest for the experimental

group was three percent. Mean total gain for the control group was

11 percent (from 69 to 80 percent), thus we cannot attribute experi-

mental group gains to the effect of instruction. Although the protective

Table 175. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

22-A
19-B

78

85

79

19

5

8

4

68
12

4

0

1

0

0

85

78

80

24

7

4

7

71

6

1

0

0

0 .38

.40

.63

.63

Control
22-A
19-B

84

82

70

11

10

10

6

68
12

9

2

1

0

1

82

84

74

4

4

4

7

86

13

6

0

1

1 .56

.52

.60

.68

Table 176. Pretest to Posttest Changes
(The response choice for 22-A is cited first.)

Item Pair 22-A, 19-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A C A+C B B B+B C D C+D D A D+A

Experi-
mental

Control

+1 +3

+4 +18 +11

+2

-6

-4

-6

-3

-3

0 -6

+1

+5

-7

-I

-4
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function of bones is stressed in Unit III, the protective function of

muscles could receive more emphasis. A 76 percent posttest achieve-

ment level is satisfactory, however. Biserial correlations are high

for both experimental and control groups.

WHICH ACTS MOST LIKE THE BONES OF YOUR HEAD'

"wA ro. A ow NA, Pima(
4HICH ACAS MnST LI<E T. BONES OF YOLK "EAC.? 24A

Ywaw As A ON MAT p:mst.

22s

Item pair 24-A, 22-B functions at the cognitive level of comprehen-

sion. Mean total gain from pretest to posttest for the experimental

group was eight percent (from 37 to 45 percent). Mean total gain for

the control group was four percent (from 36 to 40 percent), enabling

us to attribute experimental group gains to the effect of instruction.

It is evident from both the experimental and .control group results that

EME students in our sample probably do not think of a baseball mitt as

a protective device for the hand, but rather something to facilitate

catching the baseball. The 11 percent gain from 53 to 64 percent on

Form B where the shoulder pads are the correct choice is satisfactory.

Biserial correlations were satisfactory for both groups.

Table 177. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
rb

N

Percent of N

N

Percent of N

ABCDMO ABCDMOPre Post

Experi-
mental

24-A
22-B

78

85

21

14

35

53

5

32

40

1

0

0

0

0

85

78

26

4

27
64

5

28

42

1

0

3

0

0

.20

.47

.54

.46

Control
24-A
22-B

24
82

31

21

24

41

14

32

29

4

2

1

0

1

82

84

27

11

29

52

6

26

35

11

0

0

2

0

.70

.35

.43

.63



193

Table 178. Pretest to Posttest Changes
(The response choice for 24-A is cited first.)

Item Pair 24-A, 22-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A B A+B B C B+C C D C+D D A D+A

Experi-
mental

Control

+5

-4

'11

+11

-8

+5

-4

-6 -

0 0

+7

0

0

+2

+6

-10

-10

-4

-2

Objective 301. Students will associate senses with conscious and

unconscious control of body activity. Three student activities and

other instructional strategies were designed to develop student compe-

tencies to achieve this objective.

For activity 7, 75 percent of the teachers reported using the

strategies as described; 25 1,rcent reported some modification.

Ninety-four percent reported that the strategies were successful.

Teachers' written comments for activity 7 consisted mainly of mention-

ing additional items they added to the materials for the students to

sample. Most agreed that the students vere highly motivated. One

pleasing response was, "This activity was too stimulative -- perhaps

one 'sense' a day with more activities for each sense. One or perhaps

the most exciting results of this program -- for me -- is the increased

language development of 2401. He has the most primitive speech pattern

of any child I have had -- just never responds -- and gee whiz -- lately

he has begun to talk, give ideas -- many of which aren't bad -- and

this increased talking is carrying over into other parts of the school

day. Thank you for Joe."
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Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

100 88

Percent of
teachers 50 II

(N=16)
12

0

88

_1

5 = high
3 = neutral

= low

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 90. Reaction of the majority of students
to activity 7

100

Percent 50

0 II

Percent of
teachers
(N=15)

5 4 3 2 1

Important OK Useless

Figure 91. Importance to students of activity 7

Figure 90 shows that student reactions are exceptionally high

across the three rating scales. One thing is becoming increasingly

clear -- VC students enjoy doing activities themselves much more than

watching demonstrations. Figure 91 shows that the vast majority of

the teachers rated activity 7 as being very important. It is interest-

ing to note that the teacher who rated the activity as "2" is the same

teacher who did not follow the instructional strategies.

100 100

50 40
27 23

5 3 2

Percent of
teachers

0 (N=16)

All 3 1 1 1 None
4 2 4 4

50

0 1
17

I lin

5 4 3 2 1

Important OK. Useless
Figure 92. Proportion of Figure 93. Importance of the
students able to perform subobjectives

on subobjectives of
objective 301
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Figure 92 shows that the proportion of students able to perfcrm

the behaviors specified in the seven subobjectives was relatively high,

considering th,, Jlat they were trying to identify objects in

boxes, tottles, etc., without the use of sight. Ninety percent reported

that one-half or more of their students identified all of the unknowns.

Figure 93 shows that most teachers rated the seven subobjectives to be

very important.

For activities 8 and 9, 69 percent of the teachers reported using

the strategies as described; 31 percent reported some modification. All

teachers reported that the strategies were successful. Several minor

problems were encountered in these activities. Some of the older students

were very self-conscious about going through the school blindfolded,

but the younger students thought it was a great experience. Several

teachers set up artificial situations in classrooms instead of touring

...,rough the building. Another minor problem was encountered when

teachers left the vials of butyric acid uncapped for long periods of

time and the smell permeated entire school buildings. Ammonia was

suggested as a substitute for sensitive noses. The reaction to the

fi'm, Me and My Senses, was excellent.

100

Percent of
teachers 50

(N=16)

0

Interest

Disinterest
Pleasure Willingness

Displeasure Unwillingness

75

19

81

6

75

13
6 6

5 4 3 2 5 4 3 2 1 5 4 3 2 1

Figure 94. Reaction of the majority of students
to activities 8 and 9

5 = high
3 = neutral
1 = low
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100

Percent 50

0

67

II

Percent of

teachers
(N=15)

5 4 3 2 1

Important 0K-0-Useless

Figure 95. Importance to students of activities 8 and 9

Figure 94 shows that student reactions were again very high across

the three rating scales. Most low ratings occurred because of objec-

tional smells, such as butyric acid. Figure 95 shows that teachers

rated the activities important for EMIR children.

Figure 96 shows that the success rate on performing specified

subobjectives was high. Eighty-six percent of the teachers reported

that three-fourths or more of their students were able to perform the

specified behaviors; 96 percent reported that one-half or more were.

successful. Figure 97 shows that teachers reported that the subobjec-

tives are important.

100 100

60
50 -41 45 - 50

10

Percent of
teachers

25
14

0
3 1 (N=16) 0

All 3 1 1 <1 None 5 4 3 2 1
T 2 74 4

Important UselessOK

Figure 96. Proportion of
students able to perform
on subobjectives of

objective 301

Figure 97. Importance of the
subobjectives

Four item pairs were designed to sample achievement on this

objective.
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IA
24i

WHAT IS THE EASIEST !lY TO TELL WHAT THIS ANIMAL IS SMELLING, WHAT IS THE EASIEST WAY TO TELL WHAT COLOR THIS APPLE IS. TOUCHING,
TASTM. TOuCH[NO. !up

SEEING. SMELLING., TASTING/

MARK AY X ON THE KIND roo 0400E,

SMELLING

A

TASTING TOUCHING] HEARING

MARK AN X Eh THE HORD YOU CHOOSE.

A

IL SEEINGTOUCHING SMELLING LASTING

Item pair 1-A, 24-B functions at the cognitive level of knowledge

and was judged to provide baseline information. Mean net gain from

pretest to posttest for the experimental group was two percent (from

88 to 90 percent). There was no gain from pretest to posttest for the

control group. Although the gain for the experimental group is low,

this is to be expected where pretest acnievement levels are high. It

Table 179. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

1-A
24 -B

78

85

90

1

3

87
6

1

1

11

0

0

0

0

85

78

94
1

1

86
5

3

0

9

0

1

0

0

.61

.50
.68

.47

Control
1-A

24-B
84

82
90

2

2

76

5

7

2

11

0

1

0

2

82

84
87
1

1

80

9

4

2

15

1

0

0

0

.55

1.76
.49

.54

Table 180. Pretest to Posttest Changes
(The response choice for 1-A is cited first.)

Item Pair 1-A, 24-B Percent Change, Pretest Lo Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A B A+B B D B+D C A C+A D C D+C

Experi-
mental

Control

+4

-3

-1

+4

+2

0

-2

-1

-2

+4

-2

+2

-1

+4

0

-1

0

+1

-1

0

+2

-3

0

-1
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is evident that students recognize single senses which are involved

in identifying different objects. Biserial correlations were excellent

for both the experimental and control groups.

7A

w.EN YOU USED I,E STAPOw TEST SOLUTION w;..IS- PF TrE FOLLOW:NS

VOLPE LIED TELL IF STARCH WAS PRESENT/

not 4o 74 .MAT AicTLRE,

Aff'67411\

A

e "E' fO, USES T.L ,UOAA T,ST :rLu'In% 6HC. OF TkE rraNING

FLoE2 ya. TELL IF SUGAP wAL oFtSENT,

-.Aw 0,4 Isig PV:TURE.

Item pair 7-A, 12-B functions at the cognitive level of comprehen-

sion. Mea% net gain from pretest to posttest for the experimental group

was three percent (from 54 to 57 percent). Mean net gain for the control

group was also three percent, but the response patterns were more random

and weighted toward the use of taste as an identifying sense. This was

a difficult item pair because it involved the recall of starch and sugar

testing from Unit I and the association of a sense with the results of

the Unit I activity. In view of this difficulty, 57 percent is considered

to be an excellent level of achievement. Biserial correlations for the

experimental group were excellent and indicate strongly that there was

an elffect due to instruction on this item pair.

Table 181. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

A B C D M 0 Post

Experi-
mental

7-A

12-B
78

85

55

53

3

12

5

4

37

31

0

1

0

0

85

78

60

53

2

0

7

1

31

45

0

1

0

0

.54

.67

.67

.64

Control
7-A

12-B
84

82

40

13

12

4

19

7

27

74

1

1

0

0

82

84

35

26

2

4

18

1

43

68
0

1

1

0

.63

.40

.04

.65
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Table 182. Pretest to Posttest Changes
(The response choice for 7-A is cited first.)

Item Pair 7-A, 12-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A A+A B C B+C C B C+B D D D+D

Experi-
mental

Control

+5 0

-5 +13

-1

-10

-3

-6 -1

-12

0

-6

+16

+14

-6

+4

+6

12A

WHICH OF THE FOLLOWING IS A SENSE SPITTING. DRINKING. EATII6.

TASTING,

MuK m A nw Tws Am You ovoss.

SPITTING

A

[DRINKING EATING TASTING

Is

nF TAG FnLLOWING IS A SENSE CRYING. SEEING. WINKING. PLINKING'

AN A 7, THE ATE: CHOOSE

1

C,T1V, 4ITO INN PUNNING

Item pair 12-A, 1-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest for the experimental group was

34 percent (from 47 to 81 percent). Mean net gain for the control group

was three percent (from 50 to 53 percent). These results clearly indi-

cate that the experimental group gains can be attributed to the effect

of instruction. The gains can be accounted for by losses on all other

response choices, except far a gain of three percent on drinking in

Form A. Biserial correlations approach the phenomenal level for both

Table 183. item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest 'Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

12-A
1-B

78

85
13

26
8

46
31

6

49

21

0

1

0

0

85

78
4

4

11

88

11

5

75

2

0

0

0

0

.67

.23

.71

.89

Control
12-A
1-B

84

82

15

15

10

45
20

20

55

21

0

0

0

0

82

84
13

17

30

60

9

8

46

15

0

0

1

0

.58

.41

.68

.56
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Table 184. Pretest to Posttest Changes
(The response choice for 12-A is cited first.)

Item Pair 12-A, 1-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D B D+B A A A+A B C B+C C D C+D

Experi-
mental

Control

+26 +42

-9 +15

+34 -22

+2

-16

0

+3

+20

-1

-12

-20

-11

-19

-6

-19

-8

items in the experimental and control groups. The enthusiasm generated

during activities involving the senses seems to have had an effect on

learning.

WHICH SENSES HELPED PAT PEMEMEER HIS TELEPHONE 4GMEEP 4.,;c st.6E, HELPED vA7 PCMEmEEP HIP ADDRESS HEARING AND Ps

AND TASTING, usimri ATC SPILLING, SmELLING AND NEARING, HEAPING PEEING SEEING AND TASTI'IG TASTING AND SMELLING, SNELLING AND

AND SEEING/ NPAPING,

Mow 0/4 X Ch 714 KM w T 1v. 4:648 nv 013,8E AP. Oh X ON NE BOY MIT, Tr( r0,10: ve.0 OrJCE.

SEEING AND ! TASTING AND SMELLING AND HEARING AND

TASTING SMELLING
, HEAPING SEEING

A 6

HE- APING AND SEEING AND TASTING AND SMELLING AND

SEEING TASTING SELLING HEARING

A 8 E

Item pair 16-A, 4-B functions as the cognitive level of knowledge

and provides baseline information concerning the use of senses in

remembering. Mean total gain from pretest to posttest for the experi-

mental group was six percent (from 83 to 89 percent). Mean net gain

for the control group was four percent (from 73 to 77 percent).

Table 185. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

16-A

4-B

78

85

3

79

3

6

8

2

87

13

0

0

0

0

85

78
1

90

2

5

7

3

88

3

0

0

1

0

.59

.54

.79

.64

Control
16-A
4-B

84

82

8

63
4

15

5

7

83
13

0

0

0

1

82

84

6

77

5

10

10

4

78

10

0

0

1

0

.21

.67

.56

.77
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Table 186. Pretest to Posttest Changes
(The response choice for 16-A is cited first.)

Item Pair 16-A 4-B

tCorrect

Percent Change, Pretest to Posttest

Parallel Distractor PairsStudent
Group Choice

D A D+A A B A+B B C B+C C D C+D

Experi-
mental +1 +11 -2 -1 -1 +1 0 -1 -10 -6

Control -5 +14 -2 -5 +1 -3 +5 -3

Although gains were registered by both groups, we attribute experi-

mental group gains to the effect of instruction. Biserial correlations

are excellent for both groups.

Objective 302. Students will associate the brain with control of

body activity. Three activities and other instructional strategies were

designed to develop student competencies to achieve this objective.

For activities 10 and 11, 69 percent of the teachers reported that

they used the strategies as described; 31 percent reported some modifi-

cation. Ninety-four percent of the teachers reported that the strategies

were successful and six percent reported that they were unsuccessful.

Some minor problems were encountered in cutting out and assembling the

puppets, but improved art and instructions should correct this in the

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

50
:

6 6
imm _.mm

44 44

6 6
mm mm

50
38

12

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 98. Reaction of the majority of students
to activities 10 and 11

5 = high
3 = neutral
1 = low
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revised materials. In lesson 11 one teacher wrote, "We got into a dis-

cussion of voluntary and involuntary movement that was worthwhile. The

kids greatly enjoyed relating their personal experiences and identifying

their own body functions with the subjects under discussion."

Figure 98 shows that student reactions were high across the three

rating scales, but not as high as on previous activities. Figure 99

shows that teachers considered the activities to be important.

100

63

Percent 50

25 Percent of

0 II
2 teachers

(N=16)

5 4 3 2 1

Important OK Useless

100

50

0

Figure 99. Importance to students of activities

100

50
Percent of
teachers
(N=16) 0

Important

10 and 11

23 15

4 2 2

73

Li160

1

5 4 3 2 1

OK

All 3 1 1 ,1 None
4

Useless

Figure 100. Proportion of Figure 101. Importance of the
students able to perform subobjectives
on subobjectives of

objective 302

Figure 100 shows the average across the seven subobjectives of the

proportion of students who were able to perform the desired behaviors.

Seventy-eight percent of the teachers reported that three-fourths or

more of their students could perform the desired behaviors; 93 percent

reported that one-half or more of their students were successful. These
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levels should increase with the use of the functioning torso in the

revised materials. Figure 101 shows that teachers considered the sub-

objectives to be important.

For activity 12, 81 percent of the teachers reported using the

strategies as described; 13 percent reported some modification; and

six percent reported much modification. Ninety-four percent reported

that the strategies were successful and six percent reported that they

were unsuccessful. Some teachers reported that students would not

trust them after eating the bittersweet chocolate. One suggested that

a square of sweet chocolate should be offered after the deception of the

bittersweet chocolate.

100

Percent of
teachers 50

(N=15)

0

Interest Pleasure Willingness

Disinterest Displeasure Unwillingness

63

31

6
mi

63

25

12

63
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6
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5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

--Figure 102. Reaction of the majority of students
to activity 12
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teachers
(N=15)
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Figure 103. Importance to students of activity 12

5 = high
3 = neutral
1 = low

Figure 102 shows that student reactions to activity 12 were high

across the three rating scales. Figure 103 shows that teachers con-

sidered activity 12 to be important.
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Figure 104 shows that 77 percent of the teachers reported that

three-fourths or more of their students could perform the desired

behaviors specified in the subobjectives. Ninety-seven percent re-

ported that one-half or more of their students were successful.

Figure 105 shows that teachers considered the subobjectives to be

important.

100

50

0

A11 3 1 1 <1 None

4 2 4 4

41

20

2 1 II

Percent of
teachers
(N=15)

100

50

0

77

12 9

5 4 3 2 1
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Figure 104. Proportion of Figure 105. Importance of the

students able to perform subobjectives

on subobjectives of
objective 302

Eight item pairs were designed to assess student achievement on

objective 302.

4A

WHAT CARRIES MESSAGES FROM THE SENSES TO THE BRAIN. BLOOD VESSELS.

NERVES,, BONES. WIRES/

how N. Can THE ,cwo fou000SE.

WHAT CARRIES mESSAGES FROM THE ;MIS TO THE ,RA11, 13E

INTESTINES. BLOOD VESSELS, WIPE:'

MOP. N4 /Ct. wORD eXCNOOSE

BLOOD VESSELS! 1 NERVES i BONES WIRES j

qpvES INTESTINES BLOOD VESSELS, WIPES ,

L----I _ -

A
A w

Item pair 4-A, 13-B functions at the cognitive level of knowledge.

Mean total gain from pretest to posttest for the experimental group was

33 percent (from 46 to 79 percent). Mean total gain for the control

group was seven percent (from 54 to 61 percent). Experimental group

gains are attributed to the effect of instruction and can be accounted

for by losses in all other response choices. The achievement level on

this item was excellent. Biserial correlations are excellent for both

groups.



205

Table 187. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N

LT

Percent of NABCDMO ABCDMOPre Post

Experi-
mental

4-A
13-B

78

85

41
51

41
5

6

35

12

8

0

1

0

0

85

78

9

73

85

1

1

17

4

8

1

1

0

0

.49

.51

.76

.65

Control
4-A
13-B

84

82

13

40

67
18

12

26

8

16

0

0

0

0

82

84

29

67

54

10

5

11
11
12

0

1

1

0

.46

.63

.42

.63

Table 188. Pretest to Posttest Changes
(The response choice for 4-A is cited first.)

Item Pair 4-A, 13-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B A B+A A C A+C C C C+C D D D+D

Experi-
mental

Control

+44

-13

+22

+27

+33

+7

-32

+16

-18

-15

-25

+1

-5

-7

-18

-15

-12

-11

-8

+3

0

-4

-4

0

WHAT PART OF THE BODY DIRECTS PHYSICAL ACTIYITY7

RYA AN X IN ME CIPC,E ON THE )::NiS Ita PIM

8A 4,,1 7," r, T, ;r: C7,!OPY: filIV!TY,

Vi Ca J. 1,4 .1,4f. Tti}"/U01'

9e

Item pair 8-A, 9-B functions at the cognitive level of comprehen-

sion. Mean total gain from pretest to posttest for the experimental

group was five percent (from 57 to 62 percent). Mean total gain for the
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Table 189. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO 1Post

.59

.56

.45

.69

Experi-
mental

8-A
9-B

78

85
8 21 17 55 0 0

14 16 12 58 0 0

85

78
6 16 20 58 0 0

15 9 9 67 0 0

Control
8-A
9-B

84

82
6 19 18 56 0 1

20 20 18 38 2 2

82

84
17 15 16 51 0 1
14 15 13 57 0 0

.66

.62

.41

.72

Table 190. Pretest to Posttest Changes
(The response choice for 8-A is cited first.)

Item Pair 8-A, 9-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

D D D +D A B A+B B A B+A C C C+C

Experi-
mental

Control

+3

-5

+9

+19

45

+7

-2

+11

-7

-5

-5

+3

-5

-4

+1

-6

-1

-5

+3

-2

-3

-5

+1

-4

control group was seven percent (from 47 to 54 percent). Because of the

control group gains, the gains of the experimental group cannot be attrib-

uted to the effect of instruction. Teacher comments and interviews with

students indicate that the words "directs physical activity" are not

understood t'y the students. The revised tests were subsequently changed

to "which part of the body controls your muscles." Both pretest and

posttest biserial correlations were very high.

Item pair 10-A, 25-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest for the experimental group

was five percent (from 41 to 46 percent). There was a mean net loss of

one percent (from 37 to 36 percent) for the control group, enabling us to

attribute the experimental group gains to the effect of instruction. This
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conclusion is also verified by the shift in biserial correlations from

pretest to posttest for the experimental group. Students with visual

reception problems probably encountered difficulties with this item

pair because of the nature of the visual task of tracing the nerve from

Table 191. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-

mental
10-A

25-B
78

B5

19

19

37

44

36

27

6

5

1

6

0

0

:5

78

15

13

42

50

39

26

2

9

1

3

0

0

.33

.43

.32

.66

Control
10-A
25-B

84

82

17

12

45

29

23

32

13

22

2

5

0

0

82

84

26

8

22

49

40

32

9

8

4

2

0

0

.20

.51

.18

.57

Table 192. Pretest and Posttest Changes
(The response choice for 10-A is cited first.)

Item Pair 10-A, 25-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B

+5 +6

-23 +20

B+B_4

+5

A A

-6

-4

A+A C

+3

+17

C

-1

0

C+C

+2

+9

D

-4

-4

D

+4

-14

D+D

0

-9

Experi-
mental

Control

the arrow point back to the brain. This stylized human figure was

dropped from the revised test because student achievement was much

better on a more realistic figure (see item pair A-25, B-7).
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Item pair 15-A, 5-B functions at the cognitive level of analysis.

Mean total gain from pretest to posttest for the experimental group was

25 percent (from 50 to 75 percent). Mean total gain for the control

group was 19 percent (from 40 to 59 percent). We attribute the

experimental group gains to the effect of instruction and they can be

accounted for by losses on all other response choices. This item shows

very good growth in terms of knowledge of the function of the Lrain.

Table 193. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
bPercent of N NABCDMOPercent of NABCDMO Pre Post

Experi-
mental

15-A

5-B
78

85

33

15

4

9

3

64
55

8

5

2

0

1

85

78

o6

5

4

5

1

85

26

0

2

5

1

0

.41

.37

.45

.82

Control
15-A

5-B
84

82

32

27

14

17

7

48

43

4

4

4

0

1

:2 41

8

10

6

1

75

37

7

10

4

1

0

.48

.68

.64

.73

Table 194. Pretest to Posttest Changes
(The response choice for 35-A is cited first.)

Item Pair 15-A, 5-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

A C A+C B D B +I) C A Ca-A D B D+B

Experi-
mental

Control

+33

+9

+21

+27

+25

+19

0

-4

-8

+3

-2

-6

-10

-19

-6

-12

-29

-6

-4

-11

-15

-9



Biserial correlations are very high for both forms of tne test and for

both the pretest and the posttest.
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Item pair 17-A, 17-B functions at the cognitive level of comprehen-

sion and wls judged to provide baseline information. There was a mean

net loss from pretest to posttest for the experimental group of five

percent (from 79 to 7= percent). There was a loss of two percent (from

78 to 76 percent) for the control group. The BSCS staff recommended

that this item be replaced because of inherent problems in the illustra-

tions used.

Table 195. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

T

Item

#

Pretest Posttest
r
b

N

Percent of N Percent of NABCDMONABCDMO Pre Post

Experi-
mental

17-A
17-B

78

85

5

4

4

93
64

4

27

0

0

0

0

0

85

78

2

1

2

94

54

1

41

1

0

1

0

1

.47

.41

.47

.83

Control
li-A

17-B
84

82

6

2

1

94

63
2

30

0

0

0

0 82

84

1

0

4

95

57

2

38

1

0

1

0 .20

.37

.44

.84

Table 196. Pretest to Posttest Changes
(The response choice for 17-A is cited first.)

Item Pair 17-A, 17-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B C+B A A A+A B D B+D D C D+C

Experi-
mental

Control

-10 +1

-6 +1

-3

-5

-3

-2

- -2 +1 0

+1

+14

+8

-3

0

+6

+4
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Item pair 19-A, 21-B functions at the cognitive level of comprehen-

sion and is judged to provide baseline information. Mean total gain

from pretest to posttest for the experimental group was eight percent

(from 72 to 80 percent). Mean net gain for the control group was

three percent (from 80 to 83 percent). Because of the greater improve-

ment, we attribute the experimental group gain to the effect of

instruction and account for the gains by losses on all other response

choices. Biserial correlations indicate that both items are excellent

discriminators.

Table 197. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
rb

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

19-A

21-B

78

85

4

14

3

76

68
4

24

5

0

1

1

0

85

78

1

12

2

79

81

3

15

6

C

0

0 .27

.24

.54

.34

Control
19-A

21-B
84

82

2

7

0

84

76

0

19

7

2

1

0

0

82

84

2

14

2

80

87

2

7

4

0

0

1

0

.54

.42

.47

.70

Table 198. Pretest to Posttest Changes
(The response choice for 19-A is cited first.)

Item Pair 19-A, 21-B Percent Change Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B C+B A D A+D B C B+C D A D+A

Experi-
mental

Control

+13 +3

+11 -4

-3

0

+1

-3

-2 -1

+2

-2

+2

-9

-12

-2

--7

-5

-2
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Item pair 23-A, 15-B functions at the cognitive level of comprehen-

sion and was judged to pi .wide baseline information. Mean net gain from

pretest to posttest for the experimental group was 14 percent (from 79

to 93 percent). Mean net gain for the control group was 4 percent (from

72 to 76 percent). We can therefore attribute the experimental group

Table 199. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

A B C D M 0 A B C D M 0 Pre Post

Experi-
mental

23-A
15-B

78

85

8

9

3

5

12

6

78

80

0

0

0

0

85

78

0 0

5

4

0

96

90

0

1

0

0

.74

.49

.71

.87

Control
23-A
15-B

84

82

7

17

10

7

6

6

76

67

1

0

0

2

82

84

9

12

6

5

10

4

73

80

0

0

2

0

.56

.68

.64

.64

Table 200. Pretest to Posttest Changes
(The response choice for 23-A is cited first.)

Item Pair 23-A, 15-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D D D+D A A A+A B B B+B C C C+C

Experi-
mental

Control

+18 +10

-3 +13

+14

+4

-8

+2

-5

-5 -4

0

-2

-8

+4

-6

-2

-7

+1



gains to the effect of instruction. For the experimental group, losses

occurred on all response choices except the correct choice. It is

evident that the role of the brain is emphasized in ME NOW and that

the students have learned its role. Biserial correlations are out-

standing for both groups.
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Item pair 25-A, 7-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest for the experimental group

was 15 percent (from 46 to 61 percent). There was a mean net loss of

five percent (from 42 to 37 percent) for the control group, enabling us

to attribute experimental group gains to the effect of instruction.

Student achievement was much better with this illustration than with

the less realistic one utilized in item pair 10-A, 25-B. Biserial

correlations indicate that both items are good discriminators.

Table 201. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N
A B C D M 0 A B C D M 0 Pre. Post

Experi-
mental

25-A
7-B

78

85

50

42

22

13

14

34

10

8

4

2

0

0

85

78

56

67

20

14

13

15

4

1

5

3

2

0

.64

.45

.48

.61

Control
25-A
7-B

84

82

43

30

20

13

20

29

15

24

1

2

0

0

82

84

41

44

28

14

17

27

10

12

2

2

1

0

.41

.60

.38

.46
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Table 202. Pretest to Posttest Changes
(The response choice for 25-A is cited first.)

Item Pair 25-A, 7-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A A A+A B B B+B C C C+C D D D+D

Experi-
mental

Control

+25

-13 +3

+15 -2 +1

+1

-19 -10

-2 -2

-6

-5

-7

-12

-6

-8

Objective 303. Students will associate sensory perception with

learning and behavior. Three student activities and other instructional

strategies were designed to develop student competencies to achieve

this objective.

For activities 13 to 15, 75 percent of the teachers reported that

they used the strategies as described; 25 percent reported some modifi-

cation. Ninety-four percent reported that the strategies were successful.

Teacher comments indicated that the students were highly motivated in

this sequence of activities. One typical report was, "Boys 3104 and

3106 were invited into the primary EMR room to conduct a lesson with

the youngsters. They did a tremendous job -- and with very little help

from the room teachers, carried the project all the way -- even to

directing and helping the little ones to make their own ink blots."

Another teacher reported, "Activity #13 was really valuable not

only scientifically but also psychologically and socially. There

were all kinds of information available not only to the students but

to the teacher about the students. So far I am so pleased with this

program that it is unbelievable. Unit III is really great. I feel

that a real contribution has been made to my field."

1
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Some minor problems occurred in obtaining the film, Garbage, but

instructions on ordering in the revised materials should eliminate this

problem. Some teachers reported that a few students were frustrated by

the maze, but most of them handled it successfully.

100

Percent of
teachers 50

(N=16)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

13
6

-II ma

75

13um13

75

--

ii 6

5 = high
3 = neutral
1 = low

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 106. Reaction of the majority of students to activities 13 to 15.

Figure 106 shows that student reactions to the activities were very

high across the three rating scales. Figure 107 shows that teachers

rated the activities as very important for EMI students.

100

Percent 50

0

67

LL7720

5 4 3 2 1

II

Percent of
teachers
(N=15)

Important OK Useless

Figure 107. Importance to students of activities 13 to 15.

Figure 108 shows that students were very successful in these

activities. Seventy-seven percent of the teachers reported that

three-fourths or more of their students were able to perform the

desired behaviors in the three subobjectives; 97 percent reported

that one-half or more of their students were successful. Figure

109 shows that teachers considered the subobjectives to be important.
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objective 303.

Four item pairs were designed to assess student achievement on

objective 303.
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Item pair 5-A, 6-B functions at the cognitive level of analysis.

For the experimental group there was a mean net loss from pretest to

posttest of 11 percent (from 35 to 24,percent). For the control group

there was a mean net gain of 11 percent (from 19 to 30 percent). For

both groups the response pattern appeared to be that of random responses.

Table 203. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

5-A
6-B

78

85

47
24

19

29

5

2

26

44
1

0

1

0

85

78

53

27

21

36

4

9

21

27

0

0

1

0

.18

.09

.15

.30

Control
5-A

6-B
84

82

45

28

29

35

7

9

15

23

2

5

1

0

82

84

44

26

23

24

7

7

22

38

1

5

2

0

.20

.08

.18

.48
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Table 204. Pretest to Posttest Changes
(The respon' ;e choice for 5-A is cited first.)

Item Pair 5-A, 6-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pair.;

D D D+D A+A B+B C+C

Experi-
mental -5 -17 -11 +3 +7 -1 +7 +3

Control +7 +15 +11 -1 -2 -6 -11 0 -2 -1

The shading on the box should be improved and it appears that more

emphasis should be placed on this type of activity for the revised

materials.
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Item pair 9-A, 10-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest for the experimental group

was 12 percent (53 to 65 percent) while the gain for the control group

was 16 percent (from 48 to 64 percent). Inspection of gains and biserial

Table 205. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item

#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of NABCDMO Pre Post

Experi-

mental
9-A

10-B
78

85

26

53

12

15

10

6

53

26

0

0

0

0

85

78

14

64

8

8

12

12

65

17

0

0

1

0

.66

.49

.54

.53

Control
9-A
10-B

84

82

27

57

10

9

21

6

40

24
1

2

0

1

82

84

26

76

12

8

10

4

51

11

0

1

1

0

.54

.56

.61

.78
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Table 206. Pretest to Posttest Changes
(The response choice for 9-A is cited first.)

Item Pair 9-A, 10-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D A D+A A D A+D B C B+C C B C+B

Experi-
mental

Control

+12

+11

+11

+19

+12

+16

-12

-1

-9

-13

-10

-8

-4

+2

+6

-2

+1

0

+2

-11

-7

-1

-3

-6

correlations lead us to hypothesize that instruction covering this topic

occurred in the control group. Regardless of whether or not the experi-

mental group gains can be attributed to the effect of instruction, they

were significant and we are satisfied with the level of achievement.
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Item pair 14-A, 8-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest for the experimental group

was six percent (from 36 to 42 percent), while the gain for the control

group was nine percent (from 35 to 44 percent). This is an alternative

Table 207. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

14-A
8-B

78

85

29
39

14
14

33

27
18

15

0

2

5 85

78

29

50

13

10

35

21

15

15

Q

1

7 .31

.19

.50

..40

Control
14-A
8-B

84

82
27

39

13

20

32

13

23

22

1

4

4

2

82

84

23

42

13

18

46

19

13

15

0

0

4

6

.40

.03

.38

.57
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Table 208. Pretest to Posttest Changes
(The response choice for 14-A is cited first.)

Item Pair 14-A, 8-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C A C+A A C A+C B D B+D D B D+B

Expe ri-

mental

Control

+2

+14

+11

+3

+6

+9

0

-4

-6

+6

-3

+1

-1

0

0

-7

-1

-3

-3

-10

-4

-2

-3

-6

form for presenting data similar to the previous item pair but this

system appears to be more difficult for the EME students to interpret.

Learning did occur in both the experimental and control groups.

HAL SAYS THIS IS A KEYOLE. 18A irT4 _AY', T IS IS A rArEIT. 2Os

POY SAYS THIS IS A PEAR. $ S.,at% ,A YS THIS is; A Dub,

DICK SAYS THIS IS AN ACORN. L.Apv ,',,,,T T.IS IS AN ALLIGATOr.

JII4 SAYS THIS IS A JAR. ALICE SAYS THIS IS A CATEPPILLAr,

WHICH PEOPLE COULD 9E RIGHT NONE OF THE PEOPLE. ALL OF THE PEOPLE, w.IrH PEOFLE CO,ILD EE RIOT NONE OF THE PEPPLE, ALL Or THE FEOPLE,

JUST ROY AND DICK, JUST HAL AND JIM' ,IL" 'v TA AND ALICL, JUST SHIPLEY AND rAAPI0

MURK xxa X OH THE bOx wIls THE PEOPLE wHO COULD BE RIP,HT. 'Tx.. A, X OH TwE fr, H'TH THE PEOPLE kw E,,,D BE RIGHT,

NONE OF

THE PEOPLE

All Of i JUST ROY

, THE PEOPLE , AND DICK

JUST HAL

as :1"

1.0N; OF

THE ,1"E'

ALL Or

THE PEOPLE

JUST vElA

ANS ALICE

JUST SHIPLEY

AND "PRY

Item pair 18-A, 20-B functions at the cognitive level of evaluation.

Mean net gain from pretest to posttest for the experimental group was

13 percent (from 12 to 25 percent), while gain for the control group was

two percent (from 15 to 17 percent). We attribute the experimental

Table 209. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

18-A
20-B

78

85

26

40

12

12

15

31

45

14

1

4

1

0

85

78

19

44

28

21

21

24

32

10

0

1

0 -.38

-.12

.07

.14

Control
18-A
20-B

84

82

31

38

17

13

14

22

36

18

2

6

0

2

82

84

24

44

22

13

22

26

27

17

4

0

1

0

-.29

.28

.41

-.08
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Table 210. Pretest to Posttest Changes
(The response choice for 18-A is cited first.)

Item Pair 18-A, 20-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B B B+B A A A+A C C C+C D D D+D

Experi-
mental

Control

+16 +9

+5 0

+13

+2

-7 +4

+6

-7

+4

-13

-9

-4

-1

-8

-5

group gains to the effect of instruction, but the low level of achieve-

ment indicates that more emphasis should be placed on helping students

understand that it is possible for each person to view a figure and

interpret differently than any other person.

WHICH IS A PAPT Of THE DIGESTIVE STSTEmT

rARK M. X ih THE CIRCLE OS THE UNE POT TOUCHES MAT PART.

21w A :AAT OF Pu''PING SYSTEHI

s A ^.. c D 1 tw.f

11

V4,

One item pair, 21-A, 18-B is an item measuring achievement from

Unit I to determine if students are remembering information from last

Fall.

lEs

Table 211. Item Responses and Biserial Correlations
for Experimental and Control Groups

Student
Group

Item
#

Pretest Posttest
rbPercent of N

N

Percent of NABCDMO ABCDMOPre Post

Experi- 21-A 78 6 23 60 10 0 0 85 7 28 53 12 0 0 .55 .55
mental 18-B 85 8 2 10 79 0 0 78 5 1 3 91 0 0 .60 .60

Control
21-A 84 8 35 35 23 0 0 82 7 32 41 17 0 2 .38 .56

18-B 82 7 10 13 67 0 2 84 7 5 7 80_ 1 0 .48 .22
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Table 212. Pretest to Posttest Changes
(The response choice for 21-A is cited first.)

Item Pair 21-A, 18-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C D C +b A A A+A B B B+B D C D+C
Experi-
mental

Control

+12

+6 +13 +10

-3

0

+5 -1

-5

+2

-6

-7

-6

-2

-6

Item pair 21-A, 18-B functions at the cognitive level of comprehen-

sion. The pretest and posttest levels of achievement of 70 and 72

percent, respectively, for the experimental group are entirely satis-

factory. It appears that the EMH students in our sample are retaining

information they have learned.

Objective Achievement Tests

Descriptive Data and Interpretation. Pretests were administered

to experimental classes between February 2 and March 31, 1971 and to

control classes between February 10 and March 15, 1971. A continued

difference in the amount of time devoted to science instruction resulted

again in widely spread posttest administration dates for the experi-

mental group. The earliest was March 8 and the latest May 5, 1971.

Control group posttests were administered between March 19 and May 20,

1971.

Raw score frequency distributions on the tests for both experi-

mental and control classes are shown in Table 213. Tables 214 and 215

provide more detailed descriptive data on pretest and posttest scores

and on residual gain scores, calculated with the raw regression coef-

ficient for the combined experimental and control classes. The
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interpretations that follow are based on the data provided in these

tables.

Table 213. Frequency Distribution of Raw Scores for
Test Forms A and B, Experimental and Control Groups, Unit III

Experimental Groups Control Groups

Raw
Scores

Pre
A

Post
B

Pre
B

Post
A

Pre
A

Post
B

Pre
B

Post
A

24-25 1 1

22-23 5 1 5 1 7 1

20-21 3 14 5 8 2 5 3

18-19 11 23 13 19 8 18 5 6

16-17 13 14 15 20 18 17 12 16

14-15 19 10 17 14 16 10 23 16

12-13 12 5 16 7 17 14 11 20

10-11 6 12 4 11 3 14 11

8-9 8 4 5 2 7 4 9 6

6-7 5 2 1 3 4 4 4 1

4-5 1 1 1 2 1

2-3 1 1 .,. 1

0-1 1

Totals 78 78 85 85 84 84 82 82

1. Experimental classes using pretest Form A registered means

above and below the range of the standard error of measurement;

the mean of one experimental class using pretest Form B was

below the standard error or measurement, indicating different

levels of student knowledge prior to instruction in Unit III.

Because of this result, covariance analysis with pretest and

posttest scores and/or analysis of variance using residual gain

scores will be necessary for any comparisons of student achieve-

ment among experimental classes.
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2. Posttest means for Forms A and B were also outside the range of

the standard error of measurement, but posttest reliabilities

were above the minimum acceptable level of .70. Eleven of 16

experim:qtal classes showed positive mean residual gain scores

and those with negative means were not seriously low. A multiple

stepwise regression was performed to determine the effects of the

independent variables on posttest scores. Analysis of variance on

residual gain scores was also performed to confirm the results of

analysis of covariance.

3. Means for control classes using both pretest forms were outside

of the range of the standard error of measurement, indicating

different levels of knowledge at the time of pretesting.

4. Posttest means for control classes were outside the limits of

the standard error of measurement for both Form A and Form B.

Three control classes, 82, 84 and 88 all scored very high mean

residual gain scores, indicating that instruction probably took

place in these classes between pretesting and posttesting. As

was the case with Unit II, this result eliminates the possibility

of using control classes to compute a test-retest reliability

for Unit III. Also similar to Unit II and confirming our hypothesis

of control group instruction, an examination of the control group

test score frequency distribution (see Table 213) also indicates

upward shifts.

Multiple Stepwise Regression Analysis

Experimental Group, Unit III. To determine the effect of the

independent variables on posttest scores, the following question was
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investigated: "Is there , significant difference in the level of

achievement on the posttest among students in EMH classes having dif-

ferent background variables?"

The following independent variables were used to test this question:

sex, age, WISC Full Scale IQ, race, teachers' assessment of reading

achievement, teachers' assessment of verbal participation, and pretest

score. All scores from Form A and Form B were pooled and treated as

the results from one test.

The results for the posttest administered to the 163 students in

the Unit III experimental group are summarized in Table 216. The F-

level of race was not high enough to enter into the regression equation.

Table 216. Results of Multiple Linear Regression Analysis,
Experimental Group, Unit III.

Independent Variable . SO. F

Sex -0.1895 .4720 0.1612

Age 0.0031 .0151 0.0418

WISC Total IQ 0.1079 .0308 12.2815**

Reading 0.3487 .1881 3.4356
Achievement

Verbal -0.0364 .1964 0.0343
Participation

Pretest 0.5805 .0753 59.3864**

**Significant at the .001 level,
F = 10.83
.001(1,156)

The F-value for each independent variable determines the level at

which that variable is a significant predictor of a score on the post-

test instrumelic.

Discussion

The data indicate that sex, age, race, teachers' assessment of
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reading achievement and teachers' assessment of verbal participation

are not significant predictors of success on the posttest. WISC Total

IQ and the pretest score are very high predictors of success on the

posttest (P<.001). These results are essentially tne same as those

obtained for the previous units, except that IQ and pretest scores are

the only significant predictors for Unit III. An analysis of variance

was computed to determine the exact relationship between IQ scores and

success on the posttest.

Table 217. Matrix of Correlation Coefficients
Experimental Group, Unit III

Age
Total
IQ Race

Reading
Achieve-
ment

Verbal
Partici-
pation

Pre-

test
Post-

test

Sex

Age

Total IQ

Race

Reading
AchLe/e-
ment

Verbal
Partici-
pation

Pretest

-.108 -.156

-.065

-.039

-.212

-.059

.082

.286

.270

-.093

-.045

.080

.287

-.195

.388

-.271

.364

.482

-.096

.201

.198

-.199

.231

.534

-.076

.290

.213

.692

The effect of the pretest accounts for approximately 47.9 percent

of the variance in the regression equation, which is higher than either

Unit I or Unit II. The combination of pretest and WISC Total IQ account

for 53.1 percent of the variance, which is also an improvement over

Units I and II. The inclusion of all of the variables except race
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accounts fur 54.4 percent of the variance in the regression equation,

as contrasted with 45.8 percent for Unit II and 53.5 percent for

Unit I.

Table 218. Multiple Stepwise Regression Analysis
Experimental Group, Unit II

Step
Num-
ber

Variable
Entered

Multiple

2
r r

Increase

in r
2

No. of
F-Value Independent

to Remove Variables

1 Pretest .6924 .4794 .4794 148.2794 1

2 Total IQ .7289 .5314 .0519 17.7249 2

Reading
3 Achieve-

ment
.7372 .5434 .0121 4.2085 3

4 Sex .7375 .5439 .0005 .1709 4

5 Age .7376 .5441 .0001 .0444 5

6
Verbal Par-
ticipation

.7377 .5442 .0001 .0343 6

Objective Achievement Tests

Analyses of Variance and Covariance, Experimental Group, Unit III.

Two different statistical analyses were performed to investigate the

question, "Is there a significant difference between experimental classes

in the level of achievement on the Unit III post:est?" The results of an

analysis of covariance are summarized in Table 219. These results

Table 219. Analysis of Covariance Between Classes
on Adjusted Unit III Posttest Means, Pretest as Covariate

Source d.f. Mean Square F-Ratio

Between Groups

Within Groups

15

146

11.2801

7.5710

1. ;899

No significant difference, F
.05(15,146)

= 1.67
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indicate that there are no significant differences between experimental

classes on posttest means adjusted for differences in pretest scores.

Table 220 summarizes the means and standard deviations for

pretests and posttests for each class in the experimental group.

Table 220. N, Means, Standard Deviations, and Adjusted Means of 16 Classes
Experimental Group, Unit III

Class
Number N

Posttest

Mean

Posttest

Standard
Deviations

Adjusted
Posttest

Mean
Pretest
Mean

21 5 14.80 3.77 15.52 13.20

22 10 16.40 3.95 17.84 12.20

23 11 17.73 3.44 18.19 13.55

24 9 14.11 4.34 17.38 9.67

25 10 18.10 1.45 17.51 15.00

26 14 20.43 1.65 17.83 17.79

27 11 15.55 4.61 17.13 12.00

28 8 17.00 2.78 16.05 15.50

31 8 17.38 3.54 16.16 15.88

32 11 13.64 4.78 15.09 12.18

33 12 16.42 4.08 15.77 15.08

34 11 17.00 3.00 15.82 15.82

35 10 13.80 3.91 14.80 12.80

36 11 18.36 3.26 17.06 16.00

37 14 15.71 3.75 16.11 13.64

38 8 17.75 3.37 16.89 15.38

An analysis of variance on residual gain scores was performed

to confirm the results of the analysis of covariance. The residual

gain score used in this analysis was computed using the within-class

pooled regression coefficient of experimental classes only. The

results of the analysis of variance, indicating no significant differ-

ence between classes, are summarized in Table 221. This result

confirms the results of the analysis of covariance.
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Table 221. Analysis of Variance Between Classes on Residual Gain Scores
Experimental Group, Unit III

Source d.f. Mean Suuare F-Ratio

Between Groups

Within Groups

15

147

11.3154

7.5194

1.5048

No significant difference, F.05(15,147) = 1.67

Table 222 summarizes the means and standard deviations for

residual gain scores for each class in the experimental group.

Table 222. Residual Gain, Class Data, Experimental Group, Unit III

Class
Number K Mean

Standard
Deviation

Standard
Error Maximum Minimum Range

21 5 -1.06 2.23 1.00 1.60 -3.16 4.76
22 10 1.27 3.33 1.05 6.90 -3.43 10.33
23 11 1.62 2.72 0.82 5.18 -3.82 9.00
24 9 0.81 3.38 1.13 4.62 -4.65 9.27
25 10 0.94 1.29 C.41 3.18 -1.05 4.23
26 14 1.26 1.71 0.46 5.84 -0.88 6.72
27 11 0.56 3.53 1.06 3.73 -3.93 7.66
28 8 -0.52 1.88 0.66 1.57 -3.16 4.73

31 8 -0.41 2.29 0.81 3.12 -4.43 7.55

32 11 -1.48 3.88 1.17 3.01 -8.71 11.72

33 12 -0.80 2.96 0.85 3.90 -6.27 10.17
34 11 -0.75 1.65 0.50 1.84 -3.27 5.11
35 10 -1.77 3.32 1.05 3.29 -6.99 10.28
36 11 0.48 2.84 0.86 4.57 -6.05 10.62
37 14 -0.46 2.75 0.73 3.12 -7.54 10.66
38 8 0.32 2.01 0.71 2.73 -3.05 5.78

Discussion

Teachers adhered more strictly to teaching strategies in Unit III

than in Unit II and once again, as was the case with Unit I, no signifi-

cant differences were found between classes. In view of these results,



230

it seems very important that teachers using the revised edition of

ME NOW be given some kind of pre-service or in-service training to

familiarize them with the philosophy and rationale of the program.

One-Way Analysis of Variance Experimental Group, Unit III. The

results of the multiple linear regression on the posttest indicated

that WISC Total IQ was a significant predictor of success on the

posttest. To further investigate this result and to minimize the

effect of the regression to the posttest mean, the following question

was investigated: "Is there a significant difference in residual gain

scores between students blocked on 3 levels of WISC Full Scale IQ

scores?"

Residua. ain scores for 163 students with WISC Full Scale IQ

data were blocked on three different levels of IQ scores: 66 and less,

67 to 79, and 80 and above. An analysis of variance was performed on

the residual gain scores in this one-way ANOVA design. Table 223

summarizes the results of the analysis of variance, indicating that

there is a significant difference between students in the three IQ

levels.

Table 223. ANOVA, Residual Gain Blocked on WISC Full Scale IQ
Experimental Group, Unit III

Source d.f. Mean Square F-Ratio

Between Groups 2 52.4699 7.1744**

Within Groups 160 7.3134

**Significant at .001 level,
F

= 6.91
.001(2,160)

Table 224 summarizes the means and standard deviations for each

of the three cells in the model.
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Table 224. Cell Means and Standard Deviations
Blocked Data, Unit III

1Q Level N Mean
Standard
Deviation

80+ 29 0.99 1.86

67-79 99 0.28 2.59

<66 35 -1.40 3.49

Discussion

The results of the analysis of variance indicate that there is a

significant difference between students whose IQ scores are above 66

and those whose IQ scores are 66 and below (P<.001). This result

indicates that the students for whom the materials were designed,

those whose IQ scores are between 65 and 80, are experiencing success

with the use of ME NOW. Similar to the results on previous units,

students in the low IQ group (<66) do not perform as well as those

students with higher IQ scores. One different result in Unit III

testing was that those students with IQ scores between 67 and 79 did

not attain higher residual gain scores than students whose IQ scores

were 80 and above. The need for suggestions to the teacher on how to

use ME NOW for students whose IQ is below 66 is further emphasized by

the results from Unit III.

Experimental-Control Group Analyses. To investigate the question,

"Is there a significant difference in student achievement between the

experimental and control groups?" residual gain scores were computed

using the raw regression coefficient, obtained by pooling all experi-

mental and control students, and an analysis of variance was performed.

Table 225 summarizes the mean residual gain scores and standard

deviations for both groups.
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Table 225. Residual Gain Means and Standard Deviations
Experimental and Control Groups, Unit III

Group

Experimental

Control

N Mean Standard
Deviation

163 0.65 2.81

166 -0.64 3.08

Table 226 summarizes the results of the analysis of variance,

indicating a significant difference between the experimental and

control groups (P<.001) .

Table 226. ANOVA, Experimental and Control
Residual Cain Scores, Unit III

Source d.f. Mean Square F-Ratio

Between Groups 1 137.6530 15.8526**

Within Groups 327 8.6833

*-Significant at the .001 level,
F

10.83
.001(1,327)

Discussion

The results of the analysis of variance indicate that there is a

significant difference between the experimental and control groups on

residual gain scores (P<.001). On the basis of these results, we

concluded that the experimental Unit III materials did have an effect

on EMH students, as assessed by the objective tests. Twenty-four of

the 25 items on both forms assessed achievement on major objectives in

Unit III; one pair of items measured recall from Unit I. Seven of the

24 Unit III items were judged to provide baseline information, and

17 were considered to be good indicators of student growth from pretest

to posttest.
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Factor Analysis. To determine the structure of the Unit III

achievement tests, a Harris-Kaiser oblique, unnormalized, orthogonal

rotation was performed on the reults of posttests A and B. For

posttest A, 15 factors were identified which accounted for 47 percent

of the variance. For posttest B, 16 factors were identified which

accounted for 47 percent of the variance.

Table 227 presents the results for posttest A, showing only those

factors with eigenvalues above 1. The objective measured and cognitive

level of each item is included, as is a hypothetical name for each

factor. The cognitive levels identified are the same as those used

in the previous units.

Table 227. Factor Structure - Unit III, Posttest A

Factor Items Cognitive
Level Objective Name

1 5 high 303 balance - visual

13 low 300 interpretation

18 high 303

2 15 high 302 coordination - balance

20 high 300

3 1 knowledge 301 sense - protection

22 low 300

4 11 high 300 muscle action

17 knowledge 302

Table 228 presents the results of posttest B, showing only those

factors with eigenvalues above 1.

For Unit III, item pair 22-A, 19-B was the only pair identified

in the factors with eigenvalues above 1. Many of the other paired

items appeared in factors with eigenvalues below 1. Items loading
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Table 228. Factor Structure - Unit III1 Posttest B

Factor Items
Cognitive

Level
Objective Name

1 7 low 302 senses protection

12 low 301

13 knowledge 302

22 low 300

2 19 low 300 protection

3 1 knowledge 301 senses - heartbeat

4 knowledge 301

18 low Unit I

on the four factors of posttest A and the three factors of posttest

B were well distributed across the test. There were more items dealing

with the senses in posttest B factors (eigenvalues above 1) than in

posttest A.

Summary

We can conclude that students in our sample learned from the ex-

perimental Unit III materials. Experimental group achievement was

satisfactory and significantly higher than control group achievement.

Students whose IQ scores were higher than 66 scored significantly

higher than students whose IQ scores were 66 or below on adjusted

posttest scores. Both teacher feedback and achievement test items

identified areas of instruction where modifications were necessary.

Student interest and enthusiasm remained high throughout the unit.



CHAPTER V

EVALUATION OF UNIT IV

GROWTH AND DEVELOPMENT

The Instructional Program

Instruction for 13 of the 16 experimental classes began from

March 8 to May 14, 1971. Six of the 16 classes either did not use

or did not complete Unit IV for various reasons. Three of these

were unable to use the materials because of school board policies

governing the study of human reproduction. The other three teachers

did not have enough time left after completing Unit III to complete

Unit IV and administer posttests. Because of the sensitive nature of

the topic of human reproduction, most control group teachers did not

want to administer the pretests and posttests unless some instruction

could be given, which would eliminate using these classes as a control.

Because of these difficulties, the decision was made not to use a

control group for Unit IV.

The growth and development of a human being from the moment of

conception through old age is the focus of Unit IV. It provides a

focal point for integrating and synthesizing the dynamics of the

entire life cycle. Instruction begins with a discussion on recogni-

tion of males and females, which leads into primary and secondary

sex characteristics with the use of slides and posters. Stages of

development from infancy to maturity are investigated using slides,

which leads to a study of different rates of development within age

groups. It is hoped that these differential rates of development
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will be understood by the EMH student to eliminate undue concern for

the slowly developing child.

Eggs from different aniwials, includir,, humans, are studied with

the use of slides and worksheets. This leads into a study of female

sex organs during adolescence. Ovulation and menstruation are studied

and illustrated using an artificial model of female sex organs. The

role of male sex organs during adolescence is the next topic followed

by a discussion, with the aid of slides, of peer group attitudes and

"proper" male and female behavior. The role of parents is investi-

gated in a study about a family of geese. How an egg becomes fertilized

by sperm from the male is studied with the aid of slides, worksheets

and magnifying glasses. Development of the fetus within the mother is

followed, again with the aid of slides, from conception through birth.

Prenatal care is stressed, as is the proper care of infants.

The above topics lead into a discussion of factors needed for

growth and development and the students construct charts of theil

growth in height and weight from birth to the present time. Heredity

is introduced through the study of the students' and parents' height.

Characteristics of people at different ages are investigated, and the

unit terminates with a study of traits inherited from parents.

Effectiveness of Ins ruction:
Data, Analysis, and Interpretation

Objective 400. Students will associate sexual distinction with

body parts and characteristics. Three student activities and other

instructional strategies were designed to develop student competencies
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to achieve this objective. The writers assumed that the students had

little or no knowledge of the subject matter prior to instruction.

For activities 1 to 3, 69 percent of the teachers reported that

they used the strategies as described; 31 percent reported some modi-

fication. All teachers indicated that the strategies were successful.

Teachers were unanimous in stating that most children were slightly

embarrassed when the slide of the nude child was shown and that the

embarrassment soon passed and fruitful discussions ensued. A typical

comment was, "After the first explosion of giggles I told them that I

knew that they were embarrassed but after a few days they would be

used to using the words for body parts and seeing the pictures: When

I asked them if they were interested in studying this subject, they

were most interested."

Several teachers mentioned that students noticed the wider hips

of the developed girls: "They noticed the wider hips of the older

girls (in the pictures) as compared to the boys. 3102 offered the

information that it was 'nature's' way of making women different so

t.lat there would be more room for a baby to grow inside the mother."

This was then included in the revised materials.

Another typical comment from activity 2 was, "Most kids when

they started wanted to use height and size of overall body to dis-

tinguish age. Hapiily as the lessons progressed the kids used other

means such a pubic and breast development as a basis of age. They were

further amazed to find out that at the same age there were different

stages of development."

Figure 110 shows that teachers found student reactions to be

extremely high across the three rating scales. All three activities
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were judged to be very important

100
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(see Figure
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Figure 110. Reaction of the majority of students .0 activities 1 to 3
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Figure 111. Importance to students of activities 1 to 3

Figure 112 shows the proportion of students in the class who were

able to perform the behaviors specified by the five subobjectives.
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Figure 113. Importance of the
subobjectives

19
The total number of teachers reporting in Unit IV is 13, although
complete pretest and posttest data were obtained for only 10 teachers.



Eighty-six percent of the teachers reported that three-fourths or more

of their students could successfully perform the desired behaviors.

Teachers considered the subobjectives to be important also (see Figure

113).

Two item pairs were designed to assess achievement on this

objective. Since no control group was used in Unit IV, only experi-

mental group item data will be presented.

WHICH OF THESE IS FOUND IN MALES ONLY,

MARK AN X ON THE WORD YCU CHOOEE.

FiT5 CHEST

A

VOICE OVARY

239

HA W4ICH OF THESE IS FOUND IN FEMALES CNLY, 12B

'''ARK Al X ON THE KORD YOU CHO05E.

MAST
A

VOILE TESTICLES HAISi

Item pair 8-A, 12-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest for the experimental group was

24 percent (from 39 to 63 percent). This gain is excellent and

certainly attributable to the effect of instruction. Staff visits to

classrooms at this time indicated a slight embarrassment on the part of

some teachers to discuss male and female sex organs with their students

during the early lessons. This effect gradually disappeared from the

teachers as well as from the students, but we feel that the posttest

achievement level would have been higher if teachers had begun using

proper suggested terminology at the proper time. The biserial correla-

tions are excellent, especially the .94 for posttest B.

Table 229. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item

#

Pretest Posttest

rbPercent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

8-A
12-B

47

59
40 28 17 15 0 0
39 10 39 12 0 0

59
47

64 5 3 27 0 0
62 11 9 19 0 0

.34

.23

.37

.94
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Table 230. Pretest to Posttest Changes
(The response choice for 8-A is cited first).

Item Pair 8-A, 12-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

A A A+A B D B+D* C B C+B D C D+C

Experi-

mental
+22 +23 +24 -23 +7 -8 -14 +1 -6 +12 -30 -9

*B on Form A and D on Form B are not parallel distractors.

WHICH OF THESE CAN BEST TELL YOU IF THIS PERSON IS A BOY OP 5IPL

WHAT THE PERSON IS DOING. THE PERSON'S MDT PARTS THE PERSON'S

HAP STYLE. WHAT THE PERSON IS WEARING/

9A WHICH OF THESE CAN BEST TELL YON IF THIS PERSON IS A BOY OR

GIRL WHAT THE PERSON IS DOING, THE PERSON'S BODY PARIS.

THE PERSON'S HAIR STYLE, WHAT THE PERSON IS WEARING?

MARk AN X ON YOUR CHOICE.
MAGI. AN X ON YOUR CHOICE.

WHAT THE PERSON THE PERSON'S ITHE PERSON'S' WHAT THE PERSON

[WHA1 THE PERSON THE PERSON'S THE PERSON'S WHAT THE PERSONIS DOING BODY PARTS HAIR STYLE IS WEARING

LE, DOING BODY PARTS HAIR STYLE IS WEARINGA

A

Item pair 9-A, 4-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest was 16 percent (from 32 to 48

percent). Again, these gains are excellent, but probably would have

been greater if teachers had commenced to use the proper terminology

at the onset of instruction. This gain is attributed to the effect

of instruction and can be accounted for by losses on all response

choices except "what the person is doing," which has a mean total gain

Table 231. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
rb

N

Percent of N

NABCDMO
Percent of N

ABCDMO Pre Post

Experi-
mental

9-A
4-B

47

59
6 23 30 40 0 0

2 39 32 27 0 0

59

47

2 51 24 24 0 0

9 45 21 26 0 0_
.40

.50

.30

.66
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Table 232. Pretest to Posttest Changes
(The response choice for 9-A is cited first.)

Item Pair 9-A, 4-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B B+B A A A+A C C C+C D D D+D

Experi-
mental

+28 +6 +16 -4 +7 +1 -6 -11 -8 -16 -1 -8

of one percent. Proper behavioral roles for males and females was

emphasized and probably played a part in this result. Biserial correla-

tions indicate that both items are gcod discriminators.

Objective 401. Students will identify and distinguish functiona2

roles of organs related to sex. Four student activities and other

instructional strategies were designed to develop student competencies

to achieve this objective.

For activities 4 to 7, 67 percent of the teachers reported that

they used the strategies as described; 33 percent reported some modifi-

cation. Some changes initiated by the teachers worked out very well:

"For activity 5 I made a model using a plastic shampoo bottle for the

uterus, etc. I used a flower seed instead of a bead and put about 3

drops of Elmer's glue in the oviduct to plant the 'egg' down the oviduct

to tne uterus and red coloied water to wash the egg through the uterus

and vagina. This was very effective. The plastic bottle that I used

for the uterus had a neck about 4 inches long -- so I used three

Tampax -- one at a time -- to show the children the 'process' of

menstruation and the means used by girls to care for this function.

The school nurse supplied me with a kit and we also denonstrated the

use of sanitary pads. We repeated the demonstration several times so
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that the children could actually see the egg pass through and out of the

'organs'."

Somme minor problems were encountered in activity 7 with the schematic

diagram of the male reproductive system. The schematic diagram shows the

testes above the penis and students were confusing the testes with the

kidneys. Thus, in the revised materials, the urinary system was removed

and tubes should be drawn from the testes to the penis.

100

Percent of
teachers 50

(N=13)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

75 75 75

-

25
17

111 MI- IIIII

5 = high
3 = neutral
1 = low

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 114. Reaction of the majority of students to activities 4 to 7

Figure 114 shows that teachers found student _eactions very high

across the three rating scales. The average importance ratings across

the four activities were also very high (see Figure 115).

100

Percent 50

0

27

5 4 3 2 1

II

Percent of
teachers

(N=12)

Important Useless

Figure 115. Importance to students of activities 4 to 7

Teachers reported a moderately high proportion of students

experiencing success on the eight subobjectives of objective 401.

Seventy-two percent of the teachers reported that three-fourths or
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more of their students were successful. Figure 117 shows that teachers

rated the subobjectives as being very important for EMH students.

100

50 47

25 24

4
0

All 3 1 1 <1 None
4 2 4 4

IIPercent of

teachers
(N=12)

Figure 116. Proportion of
students able to perform
on subobjectives of

objective 401

100

5

75

0

II

25

0

5 4 3 2 1

Important OK--- Useless

Figure 117. Importance of the
subobjectives

Five item pairs were designed to assess student achievement on

objective 401.

WHICH Of THESE COMES FROM FEMALES OILY. SPERM,, SEMEN. URINE. EGGS' 3A WHICH Of THESE COMES FROM MALES ONLI. EGGS. URINE. MILK., SPERM' 1e

MARK AN X ON THE WOOD YOU CHOOSE.

11=1

MART AN X ON THE MORD YOU CHOOSE.

EGGS

A

IHRINt MILK SPERM

Item pair 3-A, 7-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest was 35 percent (from 44 to 79

percent). This is considered an excellent gain attributable to the

effect of instruction. Marked shifts occurred from all other item

pairs from the pretest to posttest. Actually, pretest responses were

very nearly random in pattern. Biserial correlations are excellent.

Table 233. Item Responses and Biserial Correlations
for Experimental Grcup

Student
Group

Item
#

Pretest Posttest

rb
N

Percent of N

NABCDMO
Percent of _N

ABCDMO Pre Post

Experi-
mental

3-A

7-B

47

59
28 19 21 32 0 0
5 22 19 54 0 0

59

47

7 0 3 90 0 0

26 4 4 66 0 0

.43

.56

.80

.53
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Table 234. Pretest to Posttest Changes
(The response choice for 3-A is cited first).

Item Pair 3-A, 7-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

D D D+D A A A+A C B C-rB B C B+C

Experi-
mental

+58 +12 +35 -21 +21 0 -16 -18 -19 -19 -15 -17

WHICH OF THE FOLLOWING PRODUCE EGGS,

MARK AN X ON THE PICTURE YOU CHOOSE,

SA WHICH OF THE FOLLOWING PRODUCE SPERM,

MARK AN X ON THE PICTURE YOU CHOOSE.

198

Item pair 5-A, 19-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest was 37 percent (from 51 to

88 percent), which is considered excellent and is attributed to the

effect of instruction. Very marked shifts occurred from all other

response choices from pretest, where responses were very nearly random,

to posttest. Biserial correlations are exceptionally high. It is

apparent that before instruction many more students were familiar with

the fact that males produced sperm than with the fact that human females

Table 235. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N NABCDMOPercent of NABCDMO Pre Post

Experi-
mental

5-A
19-B

47

59
38 38 15 6 2 0

24 3 61 12 0 0
59
47

0 97 2 2 0 0

15 2 77 4 2 0_
.49

.44

.75

.78
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Table 236. Pretest to Posttest Changes
(The response choice for 5-A is cited first).

Item Pair 5-A, 19-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

B C B +C A B A+B* C B C+D* D A D+A

Experi-
mental

+59 +16 +37 -38 -1 -18 -13 -8 -10 -4 -9 -8

*A and C on Form A, and B and D on Form B are not parallel distractors.

produced eggs. The 97 percent posttest achievement level for Form A

indicates that knowledge of female egg production is very near the

mastery level.

MENSTRUATION IS EMBARRASSING, SHAMEFUL, HARMFUL, NORMAL

MARK AN X ON YOUR CHOICE.

EMBARRASSING

A

SHAMEFUL

B

HARMFUL NORMAL

15A MENSTRUATION IS SHAMEFUL, NORMAL, HARMFUL, EMBARRASSING, 188

MARK AN X ON YOUR CHOICE.

SHAMEFUL NORMAL [HARMFUL! EMBARRASSING1

8A

Item pair 13-A, 18-B is really a measure of student attitude.

However, because we were striving to attain a shift from pretest to

posttest for the response, "natural," we believe that students should

receive credit for the desired response and the score for this item

pair is included in the total score for both forms. Mean net gain

from pretest to posttest was 24 percent (from 40 to 64 percent), which

we consider to be excellent. If time were not such a factor near the

closing of the school year, more instruction time could have resulted in

a more significant shift in posttest responses. Biserial correlations are

very good, although not entirely appropriate for an attitude question.

Table 237. Item Responses and Biserial Correlations
for Experimental Group

Student
Gioup

Item
#

Pretest Posttest
rb

N
Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

13-A
18-B

47

59

26 23 13 38 0 0

12 41 19 27 2 0

59

47

15 8 12 61 3 0

6 68 17 6 2 0

.60

.50

.67

.50
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Table 238. Pretest to Posttest Changes
(The response choice for 13-A is cited first).

Item Pair 13-A, 18-B Percent Change, Pretest to Posttest

Student
Group

Experi-
mental

Correct
Choice

1 B D+B

Parallel Distractor Pairs

A D A+D B A B+A C C C+C

+23 +27 +24 -11 -21 -16 -15 -6 -10 -21 -2 -11

WHICH PAIR OF BODY PARTS SERVE THE sot PURPOSE TESTICLE --- UTERUS. 14A WHICH PAIR OF BODY PARTS SERVE THE SAME PURPOSE. TESTICLE , EGG.PENIS OVARY., TES-ICLE - OVAPY, PENIS UTERUS? TESTICIE - VAGINA,, SPERM - VAGINA, SPERM -EGG?

MARK AN X Oh Yc,UA CHCICE.

TESTICLE

UTERUS

A

[PENIS

VIM
TESTICLE

OVAPY

PENIS

UTERUS

MARK AN X ON YOUR CHOICE.

TESTICLE

EGO

TESTICLE

VAGINA

SPERM

VAGINA
SPERM

EGG

92

Item pair 14-A, 9-B functions at the cognitive level of analysis.

There was a mean net loss of four percent (from 36 to 32 percent) from

pretest to posttest on this item pair. Roth pretest and posttest

response patterns were random. It is clear that the process of equating

functions of two analogous organs is too complex for EMH students at

this level. We recommend, however, that the item pair remain in the

test for use by teachers during instruction to see if any students are

capable of performing this complex task. Testing with this item should

be on a one-to-one basis so the teacher can ask the student why a particu-

lar response was chosen. This is the only way to determine whether or

not the student is guessing.

Table 239. Item Responses and Biserial Correlations

for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

N

Percent of N

A B C D M 0 A B C D M 0 Pre Post

Experi-

mental
14-A
9-B

47

59

17

10

17

8

26

37

40

44

0

0

0

0

59

47

3

9

22

15

24

34

51

43

0

0

0

0

.02

.40

.31

.44
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Table 240. Pretest to Posttest Changes
(The response choice for 14-A is cited first).

Item Pair 14-A, 9-B Percent Change, Pretest to Posttesc

Student
Group

Correct
Choice Parallel Distractor Pairs

C D C+D A A A+A B B B+B D C D+C

Experi-
mental

-2 -1 -14 -1 +7 +11 -3 +5

MASTURBATION IS DESTRUCTIVESMMUULHARMFUL,MTUMP

MARK AN X ON YOUR CHOICE.

FAii51 'HARMFUL INATURALtDESTRUCTIVE

A

17A IASTURPATION IC nA1URAL, SHAMEFUL. HARMFUL, DESTRITTIvE'

MARX AN ',OUR CHOICE.

NATURAL

A

'SHAMEFUL j HARMFUL 'DESTRUCTIVE

Item pair 17-A, 14-B was designed to measure changes in student

attitude before and after instruction. This item pair is treated

similar to 13-A, 18-B, that is, we are looking for a shift to the

response, "natural," and this response is being scored and added to

the total test score. Mean net gain from pretest to posttest was 29

percent (from 39 to 68 percent), which we attribute to the effect of

instruction. There were losses on all other response choices.

Table 241. Item Responses and Biserial Correlations
for Experimental Group

1413

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-

mental
17-A
14-B

47

59
23 19 21 36 0 0

41 20 25 14 0 0

59

47

14 12 15 59 0 0
79 2 6 13 0 0

.62

.32

.62

.78

Table 242. Pretest to Posttest Changes
(The response choice for 17-A is cited first).

Item Pair 17-A, 14-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A D+A A D A+D B b B+B C C C+C

Experi-
mental

+23 +38 +29 -1 -4 -18 -12 -6 -19 -12
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Biserial correlations are exceptionally high, although not entirely

appropriate for attitude questions.

Objective 402. Students will infer social roles related to sex.

Two student activities and other instructional strategies were designed

to develop student competencies to achieve this objective.

For activities 8 and 9, 92 percent of the teachers reported that

they used the strategies as described; eight percent reported some

modification. No problems were encountered in either activity 8 or 9.

One teacher's comment was typical of most received: "Activity 9

really turned the kids on. It was so good that the discussion could

have been carried on almost forever. It was probably one of the best

lessons for motivating my group."

100

Percent of
teachers 50

(N=13)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

69 69
77

31
23 II 23

8
MN

5 = high
3 = neutral
1 = low

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 118. Reaction of the majority of students to activities 8 and 9

Figure 118 shows that student reactions were very high across the

three rating scales. Both activities were judged importa by the

teachers, but the importance is not rated as high as student enthusiasm

(see Figure 119).



100

Percent 50

0

56

36

a

5 4 3 2 1

II

Percent of
teachers

(N=13)
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Important -0 Useless

Figure 119. Importance to students of activities 8 and 9

Figure 120 shows the proportion of students who were able to success-

fully perform the behaviors specified by the two subobjectives of

Objective 402. Ninety-two percent of the teachers reported that three-

fourths or more of their students were successful. Figure 121 shows that

teachers rated the subobjectives as very important.

100

50

0

All 3 1 1 ,1 None
4 2 `it!

65

1 8

27 I

Figure 120. Proportion of
students able to perform
on subobjectives of

objective 402

II

Percent of
teachers
(N=13)

100

50

0

75

25

5 4 3 2 1

Important Useless

Figure 121. Importance of the
subobjectives

No test items were designed to assess student achievement on this

item. However, teacher reports, as indicated by the above figures,

show that student success was at an acceptable level.

Objective 403. Students will associate parental roles with the

formation and development of a new individual. Five student activities

and other instructional strategies were designed to develop student

competencies to achieve this objective.
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For activity 10, which deals with human fertilization, 82 percent

of the teachers reported using the strategies as described, nine percent-.

(one teacher) reported much modification. The teacher reporting much

modification sent activities 10-15 home for the parents to teach; her

feedbeck has been valuable and will continue to be used but we elimina-

ted her class from the test analysis. No problems were encountered by

the teachers in activity 10, only intense curiosity about sexual

intercourse.

100

Percent of
teachers 50

(N=11)

0

Interest Pleasure Willingness
Disinterest Displeasure Unwillingness

1.64

--
36

64

36
27

11

5 = high
3 = neutral
1 = low

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 122. Reaction of the majority of students to activity 10

Figure 122 indicates that teachers judged student reactions to be

very high across the three rating scales. Figure 1-3 shows that

teachers considered the activity to very important.

100

Percent 50

0

82

J8

5 4 3 2 1

II

Percent of
teachers
(N=13)

Important Useless

Figure 123, Importance to students of activity 10

Figure 124 shows the proportion of students who were able to

successfully perform the behaviors specified by the seven subobjectives



for activity 10. Eighty-four percent of the teachers reported that

three-fourths or more of their students were successful. Figure 125

shows the average teacher rating of importance over the seven

subobjectives.

100

50

0

All 3 1 1 (1 None
4 2 4 4

66

-
18 12

3 1

Figure 124. Proportion of
students able to perform

on subobjeccives of
activity 10

100

50

II

Percent of
teachers
(N=11)

Important

24

1

5 4 3 2 1

OK Useless

Figure 125. Importance of
subobjeccives
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For activities 11 and 12, 83 percent of the teachers reported

using the strategies as described; 17 percent reported some modifi-

cation. All teachers reported that the strategies were successful.

Teacher comments were very positive on these activities. An example

is: "There were many great questions that this activity brought about

such as why multiple births, birth control, and why some women did not

get pregnant. It was a challenge to answer but great fun. Also I think

it shows that the kids know more than we thInk. The lesson was really

good and it made development vary tA(2ar. I was pleased to find that

the kids figured out that blood goes through the umbilical cord because

blood carried food all uver the body but the baby could not eat his own

food so he had to use both mother's food and oxygen."

Figure 126 shows that student reactions were very high across

the three rating scales. kigure 127 shows the average teacher rating

of importance for the two activities.
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100

Percent of
teachers 50

(N=12)

0

Interest

Disinterest
Pleasure Willingness

Displeasure Unwillingness

82

-

18

82

18 18I
5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

5 = high
3 = neutral
1 = low

Figu_ 126. Reaction of the majority of students to activities 11 and 12

100

Percent 50

0

5 4 3 2 1

II

Percent of
teachers
(N=12)

Important OK Useless

Figure 127. Importance to students of activities 11 a. 1 12

Figure 128 shows the proportion of students who could successfully

perform the behaviors specified by the seven subobjectives of activities

11 and 12. Ninety percent of the teachers reported that three-fourths

or more of their students could perform the specified behaviors; 47

percent reported that all of their students were successful. Figure

129 shows the average teacher rating of the importance of the seven

subobjectives.

100 100

50 47 43 50
Percent of
teachers

0 I (N=11) 0
All 3 1 1 ,1 None

4 5 4 4

Figure 128. Proportion of
students able to perform
on subobjectives of

objective 403

76

19 14

5 4 3 2 1

Important OK Useless

Figure 129. Importance of the
subobjectives



253

For activities 13 and 14, 67 percent of the teachers reported that

they used the strategies as described; 33 percent reported some modifi-

cation. Ninety-two percent of the teachers reported that the strategies

were successful. Many teachers reported student misconceptions con-

cerning development of the unborn child and the actual birth process.

One example is typical: "Most of the students thought the mother's

'stomach' was cut open to deliver a baby. Once the idea of regular

birth delivery was presented they seemed to have no difficulty at all

in following ideas. The girls really worried about what would happen

to their stomach."

Interest

100

Percent of
teachers 50

(N=12)

0

Pleasure Willingness
Disinterest Displeasure Unwillingness

67

.

33

67

33

67

33

5 = high
3 = neutral
1 = low

5 4 3 2 1 5 4 3 2 1 5 4. 3 2 1

Figure 130. ...eaction of the majority of students to activities 13 and 14

Figure 130 shows that student reactions were again very high across

the three rating scales. Figure 131 shows that teachers also rated the

activities as being very important for EMH children. One teacher is

still embarrassed by the material and tends to rate most activities

100

Percent 50

0

Important

67

5

5 4 3 2 1

I
Percent of

teachers
(N=12)

OK Useless

Figure 131. Importance to students of activities 13 and 14
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dealing with reproductive organs or the reproductive process as

unimportant.

100

50

0

Figure
students

100

50
Percent of
teachers

(N=11) 0

Important

of Figure 133.
subobjectives

.:ss

the

41

23 20
8 7

1

53

6
3

All 3 1 1 ,1 None
i i ii 4

132. Proportion
able to perform

5 4 3 2 1

UseJ

Importance of

on subobjectives of
activities 13 and 14

Figure 132 shows that the success ratio averaged across the seven

subobjectives of activities 13 and 14 was lower than for most previous

activities. Those subobjectives where student success was low dealt

mostly with determining the date of birth and date of conception by

counting days on the calendar. These activities should be simplified

and clarified in the revised materials. Several teachers noted that

having children determine the date on which they were conceived could

lead to problems or embarrassment for the child, but the majority of

teachers advised us to leave this in the activity and the discretion of

the teacher would determine whether or not it was used. The importance

of the subobjectives was generally quite high. The average ratings

across the seven subobjectives are shown in Figure 133. The above

problem led to a decreased rating by several teachers for several

objectives.

Eight item pairs were designed to measure student achievement on

objective 403.



WHEPE DOES A BABY DEVELOP

MARK AN X IN THE CIRCLE ON THE LINE '4AT TOUCHES THAT pApT

4A WHEPE DOES A BABY ',EVELOP/

MAAh AN Y IN To: CIHC-E uh THE LINE THAT TOUCHES THAT PART,
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Item pair 4-A, 6-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest was 35 percent (from 60

to 95 percent), which we feel is spectacular and most certainly attri-

butable to the effect of instruction. The most notable shift from

pretest to posttest was from choosing the stomach as the location where

the baby develops to choosing the uterus. The 95 percent posttest level

approaches the level of mastery for this concept.

Table 243. Item Responses and Biserial Correlations
for Experimental Group

6A

Student
Group

Item
#

Pretest Posttest

rb
N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

4-A

6-B
47

59

0 45 55 0 0 0
0 64 25 3 7 0

59

47

0 3 95 2 0 0
0 96 4 0 0 0

.32

.62

.95

.45

Table 244. Pretest to Posttest Changes
(The response choice for 4-A is cited first).

Item Pair 4-A, 6-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B C+B A D A+ B C B+C D A D+A

Experi-

mental
+40 +32 +35 0 -3 -42 -21 -31 +2 0 +1
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BEFORE BIRTH WHERE DOES FOOD, OXYGEN, AND WATER

ESTER THE BABY/

MAR% AN X IN THE CIRCLE ON THE LINE THAT /OUCHES THAT PART.

A

7A BEFORE BIRTH WHERE DO WASTES LEAVE THE BABY/ 3R

MARK AN A IN THE CIRCLE ON THE LINE THAT TOUCHES THAT PART,

Item pair 7-A, 3-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest was 39 percent (from 37 to

76 percent). This excellent gain is attributed to the effect of instruc-

tion and can be accounted for by losses on all other response choices.

The most notable shift was from choosing the anus and mouth or nose as

the sites'of entering essentials and exiting waste materials (which were

studied in previous units) to choosing the umbilical cord on the posttest.

Biserial correlations are unusually high.

Table 245. Item Responses and Biserial Correlations
for Experimental Gro'ip

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N Percent of NABCDMON ABCDMO Pre Post

Experi-
mental

7-A

3-B
47

59
6 34 43 17 0 0

47 39 5 8 0 0

59

47
3 86 7 3 0 0

26 64 0 6 4 0

.53

.53

.64

.84

Table 246. Pretest to Posttest Changes
(The response choice for 7-A is cited first).

Item Pair 7-A, 2-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B B B+B A A A+A C D C+D D C D+C

Experi-
mental

+52 +25 +39 -3 -21 -16 -36 -2 -17 -14 -5 -8



WHICH DRAWING SHOWS A FERTILIZED EGG' 10A WHICH DRAWING SHOWS A FERTILIZED EGG,

MARK AN X ON YOUR CHOICE. MARk AN X ON YOUR CHOICE.
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130

)0:0/ )0/ 0 0 O 0
Item pair 10-A, 13-B functions at the cognitive level of comprehen-

sion. Mean net gain from pretest to posttest was 27 percent (from 31 to

58 percent). We attribute this excellent gain to the effect of instruc-

tion. One possible problem on this item pair is that any of the eggs

could already have been fertilized, except the one which is being ferti-

lized (response choice C on Form A and D on Form B). It is recommended

that the stem of this item be changed to "Which egg is being fertilized,"

to eliminate a possible problem of interpretation. Biserial correlation

levels are good, indicating that the item pair is discriminating between

high and low-scoring students.

Table 247. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item

#

Pretest Posttest r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

10-A
13-B

47

59

2 4 32 62 0 0

10 8 49 31 2 0

59
47

5 3 54 37 0 0

2 9 28 62 0 0

.47

.47

.39

.33

Table 248. Pretest to Posttest Changes
(The response choice for 10-A is cited first).

Item Pair 10-A, 13-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distractor Pairs

C D C+D A B A+B B A B+A D C D+C

Experi-
mental

+22 +31 +27 -1 +2 -1 -8 -25 -21 -22
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A CHIL WAS BORN IN APRIL. ABOUT WHEN DID THE MOTHER 'BECOME PREGNANT? A MOTHER BECAME PREGNANT IN JUNE. ABOUT WHEN WAS HER CHILD BORN? 58

JANUARY
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FEBRUARY]
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A

[AUGUST NOVEMBER

1-171'1

NOVEMBEP

FEBRUARY

[JUNE)

DECEMBER

JANUARY

EMI

FEBRUARY

AUGUST

MRCH1

1SEPTEMBER1

APRIL

OCTOBER

MARK AN X fh THE MONTH YOo CHCOxE.

IJnd
A

SEPTEMBER IDECEMBEd

NOVEMBER1

MARCH

(JUNE]

[OECEMBERJ

Item pair 11-A, 5-B functions at the cognitive level of comprehension.

Item 11-A was deleted from analysis because there was no correct choice

(July) for the item. Because of this, no average gains were computed

and only achievement levels and gains for item 5-B are shown. Mean gain

from pretest to posttest for 5-B was 40 percent (from 20 to 60 percent),

indicating that instruction did have an effect on posttest achievement.

Biserial correlations are average.

Table 249. Item Responses and Biserial Correlations
for Experimental Group

Student
Group 1

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

11-A
5-B

47

59
deleted

12 29 31 20 8 G 47
deleted

4 15 9 60 13 0 .46 .37

Table 250. Pretest to Posttest Changes

Item Pair 11-A, 5-B Percent Change, Pretest to Posttest

Parallel Distractor PairsStudent
Group

Correct
Choice

D

Expexi-
mental

+40 -8 -14 -22
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STOMACH, UTERUS, INTESTINE, BLADDER,

MARK AN X ON YOUR CHOICE.
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Item pair 12-A, 16-B functions
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A
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STOMACH

level of

UTERUS

knowledge.

Mean net gain from pretest to posttest was 52 percent (from 36 to 88

percent), a truly remarkable gain attributable to the effect of instruc-.

tion. The most notable change, as was the case with item pair 4-A,

6-B was from choosing the stomach on the pretest to choosing the uterus

on the posttest as the site where the unborn baby develops. Biserial

correlations are exceptionally high.

Table 251. Item Responses and Biserial Correlations
for Experimental Group

Student
Croup

Item
#

Pretest Posttest
r
bPercent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

12-A

16-B
47
59

57 17 11 15 0 0

5 5 37 51 2 0

59

47
5 8b 3 3 0 0

2 4 4 89 0 0

.66

.40

.84

.79

Table 252. Pretest to Posttest Changes
(The response choice for 12-A is cited first).

Item Pair 12-A, 16-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B D B+D A C A+C C A C+A D B D+B

Experi-
mental

+71 +38 +52 -52 -33 -41 -8 -3 -5 -12 -1 -6
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wwEPE WAS THE d"EILICAL CORD ONCE ATTACHED"

MARK AN A 14 THE CIRCLE Oh TOE LINE THAT TOUCHES THAT PART.

/---1

CE w-EPE wRs.. T.: ."EIL!CAL CORD ONCE ATTACHED'

"ARK Al A I% ToE CIRCLE Oh TrE LINE THAT TOUCHES THAT PART.

a Ti

C,

Item pair 15-A, 8-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest was 15 percent (from

74 to 89 percent). This item pair is juaged to provide baseline

information, since 74 percent of the students in our sample knew that

the umbilical cord was attached at the navel prior to instruction.

With this high pretest level, the 15 percent gain is excellent and is

attributed to the effect of instruction. Biserial correlations are

exceptionally high.

Table 253. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMO
Percent of N

A B C D M 0 Pre Post

Experi-

mental
15-A

8-B
47

59
0 62 17 21 0 0

0 14 83 3 0 0

59

47
0 90 8 2 0 0

0 13 87 0 0 0

.63

.45

.86

.81

Table 254. Pretest to Posttest Changes
(The response choice for 15-A is cited first.)

Item Pair 15-A, 8-B Percent Change, Pretest to Posttest

Student
Group

Correct
Chcice Parallel Distractor Pairs

B C B+C A D A+D C B C+B D A D+A

Experi-
mental

+28 +4 +15 0 -3 -1 -19 0 -8
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WHAT IS MISSING FROM THE DIAGRAM ABOVE?

MARK AN X ON YOOF CHOICE.

I SI7EItTi [PENIS.] I EGG TUBE
A

Item pair 16-A, 11-B functions at the cognitive level of analysis.

Mean net gain from pretest to posttest was 41 percent (from 15 to 56

percent), which is exceptionally high and attributable to the effect

of instruction. This item d, nstrates clearly that many EMH students

can handle problems involving high level cognitive processes involving

one variable. The comparison of two variables at this same cognitive

level was not successful (see item pair 14-A, 9-B, objective 401).

Biserial correlations indicate that both items are good discriminators.

Table 255. Item Respor-es and Biserial Correlations
for Experimental Group

Studentj
Group

Item
#

Pretest Posttest
r
b

N

Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

16-A
11-B

47
59

17 15 34 28 6 0

15 24 34 25 2 0

59

47

7 58 8 24 3 0

53 9 15 23 0 0

.62

.57

.52

.42

Table 256. Pretest to Posttest Changes
(The response choice for 16-A is cited first.)

Item Pair 16-A, 11-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B A B+A A B A+B C C C+C D D D+D

Experi-
mental

+43 +38 +41 -10 -15 -13 -26 -19 -23 -4 -2 -2
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lc Al cOG IS FEBTILIZE.B. THE FEMALE SAN EXPECT TO HAVE A

BABY., BECOME ILL. HALE A mCNOTRUAL PEPIN., LOSE A BABY'

MARK AN X ON YOUR CH:10E.

HAVE A

BABY

A

BECOME HAVE A MENSTRUAL
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!BABY
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PERIOD
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Item pair 18-A, 15-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest was 30 percent (from 33 to 63

percent). This very good gain is attributed to the effect of instruc-

tion. If more time could have been went on instruction in Unit IV

we feel that the posttest achievement level would have been higher.

Biserial correlations are excellent.

Table 257. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N

NABCDMOPre
Percent of NABCDMO Post

Experi-
mental

18-A

15-B
47

59

49 9 13 30 0 0

5 10 20 64 0 0

59

47

73 5 10 12 0 0

9 2 51 38 0 0

.56

.19

.60

.73

Table 258. Pretest to Posttest Changes
(The response choice for 18-A is cited first.)

Item Pair 18-A, 15-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A C A+C B B B+B C A C+A D D D+D

Experi-
mental +24 +31 +30 -4 -8 -3 +4 -18 -26 -25

Item pair 20-A, 17-B functions at the cognitive level of compre-

hension. Mean net gain from pretest to posttest was 26 percent (from

18 to 44 percent). This is an entirely acceptable level of achievement

which we attribute to the effect of instruction. Posttest achievement
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20A POR A NEW BABY TO BEGIN, A SPERM MUST GO FROM
Ito

TESTICLE VAGINA

MARK AN X ON YOUR CHOICE.
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OVARY
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I
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level was not as high as on item pair 16-A, 11-B, where a visual clue

was given in addition to the word clue. Biserial correlation levels

are average.

Table 259. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N
Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

20-A
17-B

47

59
17 19 19 32 13 0

20 17 25 34 3 0

59

47
10 37 42 7 3 0

9 47 26 13 7 0

.39

.28

.34

.34

Table 260. Pretest to Posttest Changes
(The response choice for 20-A is cited first.)

Item Pair 20-A, 17-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

C B C+B A D A+D B C B+C D A D+A

Experi-
menta?

+23 +30 +26 -7 -21 -14 +18 +1 +10 -25 -11 -17

Objective 404. Students will relate changes in life's continuum

to human growth and development. Six student activities and other

instructional strategies were designed to develop student competencies

to achieve this objective.

For activities 15 to 17, 50 percent of the teachers reported using

the strategies as described; 29 percent reported some modification; and
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14 percent reported muc.i modification. Seventy-nine percent of the

teachers reported that the strategies were successful and 21 percent

reported some difficulties. The major complaint received concerned the

colors used on the daylight blackboard projection slides with most

students desiring more realistic colors. The other problem was the

difficulty in finding a mother willing to bring an infant into the

classroom for a discussion of the proper care of the newborn. Also,

the slide projected on the wall to measure height would not wort; in

several classrooms where the projector could not be moved far enough

away from the wall to project an image of the proper size. Most

difficulties were overcome by teacher ingenuity or by telephone calls

to the BSCS project staff.

100

Percent of
teachers 50

(N=12)

0

Interest Pleasure
Disinterest Displeasure

57

36

5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

Figure 134. Reaction of the majority of students
to activities 1: to 17

100

Percent 5.1

0

47
8

9
3

5 4 3 2 1

I
Percent of
teachers

(N=12)

Important OK ---.-Useless

Figure 135. Importance to students of activities 15 to 17

5 = high
3 = neutral
1 = low
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50
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Figure 136. Proportion of
students able to perform
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activities 15 to 17

5 4 3 2 1

important Useless

Figure 137. Importance of the
subobjectives
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Figure 134 shows that teachers rated student responses Ei

positive across the three rating scales. Figure 135 shows the average

rating of importance across the three activities. Activity 17 re-

ceived the lowest rating because some teachers felt that the grar,ing

of weight and height in Unit I was sufficient and this type of exe-cise

need not be repeated.

Figure 136 shows that student success on the subobjectives, as

estimated by teachers, was not as high for these three activities as

for previous ones. The main problem centered around the graphing

activities in activity 17. Figure 137 shows that teachers rated the

importance of the subobjectives on the positive side of the scale.

For activities to 20, 61 percent oil the teachers reported

using the strategies as described; 39 percent repc...ted some modifica-

tion. Ninety-two percent reported that the strategies were successful

an0 eight percent (one teacher) reported some difficulties. In general,

most comments were very positive, such as, "Activity 18 was great

because kids got practice in measuring and reasoning. People who say

these kids cannot reason should see the results of a lesson like this.

We had to work a little harder with some of them but eventually through

reason they did make accurate judgments."
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100
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Figure 138. Reaction of the majority of students
to activities 18 to 21
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Figure 139. Importance to students of activities 18 to 20

5 = high
3 = neutral
1 = low

Concerning activity 19, a typical comment was, "Activity 19 we:

one of the highest motivational lessons we have had when the kids had

to interpret the slides. All of them were busting to talk about them.

The humor was the factor, I believe, that really turned the kids on."

Figure 138 shows the teachers' rating of student reactions to be

very high across the three rating scales. Ratings for activity 21 are

included here because they could not be separated. Figure 139 shows

that the overall average rating of importance for activities 18 to 20

was high.

Figure 140 shows that the proportion of students able to success-

fully perform the behaviors specified by the subobjectives of activities

18 to 201 as high, but not as high as for some previous activities.

Sixty-eight percent of the teachers estimated that three-fourths or

more of their students were successful. Figure 141 allows that teachers



considered the subobjectives to be important.
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II

Percent of

teachers
(N-13)

Important Useless
Figure 140. Proportion of Figure 141. Importance of the
students able to perform subobjectives

on subobjectives of
activities 18 to 2.0

Two item pairs were designed to assess student achievement on

objective 404.

LOOK AT THE GRAPH OF JUDY'S WEIGHT. 64

HOUNDS

120:

'GO-
-

8°-

60-

45:

r:

BIRTH 6 YEARS 12 YEAPS 18 YEAPS 24 YEAR

WHEN DID SHE GROW THE MOST BETWEEN BIRTH AN: 6 YEARS, BETWEEN

AND 12 YEARS, BETWEEN 12 AND 18 YEARS, °E14EEN 18 AND 24 YEARS'

*A,. AY X ')N HE PE.IOL OF MOST ,AJ.IN.

:1°T ,EA P0 12 YEARS :8 YEARS 24 YEARS

EN :,2 -E 5°04 T-E 5F.TwEEN EIRTH AND 6 YEARS, BETWEEN 6
12 '!'E.A05., EET4EE4 :2 AN: :a ,EARS SETWEEN 18 AND 24 YEARS /,

BETWEEN EIPTi

AND 6 YEARS

[7.14EEti

AND 12 YEAPS

'FETwEEN 12

AND 18 'EPS
BETWEEN 16-1

AND 24 YEARS'

X T.E .EP:V;

EET4E6N SIFT-

AND 6 YEARS

A

Item pair 6-A, 2-B functions at
A

v;57

2E1N.AR.5.
BETWEEN 12

N: 18 'Epp

2H

BETWEEN 18

AND 2; YEARS

the cognitive level of analysis.

Mean net gain from pretest to posttest was 20 percent (from 7 to 27

percent), but the posttest achievement level was still low. Most

teachers recommended using two different types of shading and alter-

nating these in the bars on the graph to aid in visual discrimination.

In spite of the high difficulty level, we believe that shading will

increase success and that this item pair could be a valuable diagnostic

tool for teachers.
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Table 261. Item Responses and Biserial Correlatio,..s
for Experimental Group

Student
Group

Item
#

Pretest

NABCDMOPre
Posttest

Percent of N
r
bPercent o? N

ABCDMO Post

Experi-
mental

6-A
2-B

47

59

13 6 13 43 26 0
7 14 20 54 5 0

59

47
29 27 12 25 7 0

28 19 11 32 11 0

.60

.15

.38

.24

Table 262. Pretest to Posttest Changes
(The response choice for 6-A is cited first.)

Item Pair 6-A, 2-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

B A B+A A B A+B C C C+C D D D+D

Experi-
mental

+21 +21 +20 +16 +5 +11 -9 -18 -22 -21

OLD PEOPLE ALWAYS NEED. LOVE, CANDY, CARS, TELEVISION/

MARK AN K ON YOUR CHOICE.

LOVE
cINA. 7,71

A

TELEVISION

B,BIES ALWAYS NEED LOVE, CANDY, BIC'CLES. BLANKET/

MARK AN K ON YOUR CHOICE.

L9 J CINDY kicycLEsi BLANKET

20e

Item pair 19-A, 20-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest was 15 percent (from 72 to 87

percent) indicating that this item also provides baseline information.

The most notable shift 14:,s from choosing television and blanket to

love. Considering the relatively high pretest level, the posttest

level is very good and we attribute this gain to the effect of instruc-

tion. The biserial :orrelations are excellent.
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Table 263. Item Responses and Biserial Correlations

for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N F

Percent of N

NABCDMOPre
Percent of N

ABCDMO Post

Experi-
mental

19-A
20-B

47

b9

74 6 9 11 0 0

71 3 3 22 0 0

59

47

86 2 7 5 0 0

89 2 0 9 0 0

.55

.50

.59

.73

Table 264. Pretest to Posttest Changes
(The response choice for 19-A is cited first.)

Item Pair 19-A, 20-B Percent Change, Pretest to Posttest

Student
Group

Correct
Choice Parallel Distractor Pairs

A A A+A B B B+B C C C+C D D D+D

Experi-
mental

+12 +18 +15 -4 -1 -2 -3 -2 -6 -13 -10

Objective 405. Students will account for the phenomena that

have contributed to the development of ME NOW. One student activity

and other instructional strategies were designed to develop student

competencies to Achieve this objective.

All teachers reported using the strategies as described and

reported that they were successful. No figure is reported here for

teachers' assessment of student reaction because it was contained with

activities 18 to 20 and was impossible to separate. Comments from

teachers on activity 21 and on the whole program were very positive and

complimentary. One example is, "I was happy to find that there was

little trouble getting across what a trait is. I did this by saying

all things that make you are traits. Also the kids did a great job

distinguishing inherited traits from learned traits. They did so much

faster and with much more ease than I thought they would.



270

"I had one girl who could not caste P.T.C. paper when all her

family could. She was kind of shook until the grandparent explanation

was given to her. I also had one boy who had a sister who could not

taste it while others could. This was a good lesson to reinforce the

idea of inherited traits.

"Final comment -- This entire program was sensational from start

to finish. It was a joy to this teacher and tremendously accepted by

all of my students. Thank you from all of us."

Figure 142 shows that teachers considered activity 21 to be

very important. 100

Percent 50

0

38

II

Percent of
teachers
(N=13)

5 4 3 2 1

Important OK Useless

Figure 142. Importance to students of activity 21

Figure 143 shows that the teachers' estimate of students ability

to perform the behaviors specified by the subobjectives of activity 21

was high. Eighty-five percent of the teachers reported that three-

fourths or more of their students were successful. Figure 144 show

that teachers considered the subobjectives to be important to EMI' students.
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54

II 8 8
II0 IIII

All 3 1 1 ,1 None
4 2 4 '4

Figure 143. Proportion of
students able to perform

on subobjectives of
obioctive 405

'00

50
54

5 4 3 2 1

11

Percent of
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(N-13)

Important Useless

Figure 144. Importance of the
subobjectives



One item pair was designed to assess student achievement on

objective 405.
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Item pair 1-A, 10-B functions at the cognitive level of knowledge.

Mean net gain from pretest to posttest was only one percent (from 68

to 69 percent). Comments from most teachers indicated that they were

very rushed during the final days of school to finish ME NOW and adminis-

ter posttests and, unfortunately, this last activity did not really

receive the attention it deserves. We are confident that the posttest

level of success would improve with the proper presentation of the

matelials.

Table 265. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
rb

N

Percent of N Percent of N

A BCDMON.b.BCDMOPrp Pons+

Experi-
mental

1-A

10-B
47

59

17 11 66 6 0 0

69 19 7 5 0 0

59

47

15 7 61 17 0 0
79 6 11 4 0 0

.06

.66

.49

.1P

Table 266. Pretest tc Posttest Changes
(The response choice for 1-A is cited first.)

Item Pair 1-A, 10-B Percent Chan e, Pretest to Posttest

Student
Group

Correct
Choice

A C+A

Parallel Distractor Pairs

B B B+B A C A+C D+D

Experi-

mental
-5 +10 +1 -4 -13 -8 -2 +4
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One item pair was included to measure concepts learned in Unit II.

44.:T PAci CA.DIE; ''XYG;% Tr, AL DNTS DE, 7-E E,,D.,y1,

MAP. AN X A THE I.CLE A THE LINE THAT TLUCHES THAT PART.

2A 444 PART CARRIES FOOD TO ALL PARTS ,1F THE BGDY/ IR

MARK AN X :N THE C,PLLE TN THE LINE THAT T,JCHE, THAT PART.

Item parr 2-A, 1-B functions at the cognitive level of compre-

hension. The pretest and posttast levels of 39 and 44 percent are

somewhat lower than expected. A careful examination of the items

indicates that proper interpretation hinges on the word "carries." A

large number of students, especially in Form A (64 and 61 percent) are

choosing the lung. -.7e interpret this result as a problem with the item

and not with student memory.

Table 267. Item Responses and Biserial Correlations
for Experimental Group

Student
Group

Item
#

Pretest Posttest
r
b

N

Ferggnt of N

N.ABCDMOPre
59

47

Percent of N

A BCDMQ_
61 2 3 34 0 0
57 2 32 9 0 0

-.20
.56

Post

.39

.40

Experi-
mentEl

2-A

1-B
47

59

64 6 4 21 4 0

53 7 27 14 0 0

Table 268. Pretest to Posttest Changes
(The response choice for 2-A is cited first.)

Item Pair 2-A, 1-B Percent Chen e Pretest to Posttest

Student
Group

Correct
Choice

Parallel Distract-1. Pairs

A D+A D A+D B B+C C B C+B

Expari-
mcntal

+13 +4 -3 -5 +2 -4 +5 -3 -1 -5
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Objective Achievement Tests

Descriptive Data and Interpretation. Pretests were administered

to experimental classes between March 8 and May 14, 1971; no control

group was used for Unit IV. Posttests for the experimental group were

administered between June 7 and June 18, 1971.

Raw score frequency distributions on the Unit IV tests for the

experimental group are shown in Table 269. Table 270 provides a

s4mmary of student background data for the ten experimental classes.

Table 271 provides more descriptive data on pretest, posttest and

residual gain scores. The interpretations that follow are based upon

data provided in these tables.

1. Although the number of experimental classes was reduced from 16 to

ten, the mean age and WISC IQ scores have not changed significantly

from those of the 16 class group.

2. Students using Forms A and B in the experimental classes achieved

scores outside of the range of the standard error of measurement

for both pretests and posttests, indicating differing degrees of

knowledge between classes prior to instruction and after instruction.

3. Posttest reliability was satisfactory for Form B (.73), but slightly

low (.64) for Form A. Four of the ten experimental classes showed

positive mean residual gain scores. Visual inspection indicates two

classes (22 and 27)' with extremely high residual gain scores and

the remaining classes clustered around the mean score for the ex-

perimental group.
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Table 269. Frequency Distribution of Raw Scores for
Test Forms A and B, Experimental Groups

Experimental Groups

Raw
Scores

Pre
A

Post
B

Pre
B

Post
A

19-20 2 2

17-18 6 2

15-16 1 11 3 9

13-14 1 9 5 16

11-12 1 5 9 14

9-10 9 7 8 10

i-8 13 7 20 2

5-6 14 9

3-4 6 5 1

1-2 2

0

Totals 47 47 59 59

Multiple Stepwise Rearession Analysis

Experimental Group. Unit IV. To determine the effect on posttest

scores, if of the independent variables, the following cuestion

was invc.stigated: "Is there a significant differe in the level of

achievement on the posttest among students in EMH classes having diL-

ferent background variables?"

The following independent variables were used to test this ques-

tion: sex, age, WISC Full Scale IQ, race, teachers' assessment of

reading achievement, teachers' assessment cf verbal participation, and

pretest score. All student scores were pooled and treated as the

results of one test.
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Table 272. Results of Multiple Linear Regression Analysis,
Experimental Group, Unit IV. N = 101

Independent Variable
Si se.

1
F

Sex .1062 .5560 .0364

Age -.0414 .0169 5.9965*

WISC Total IQ .0749 .0352 4.5111*

Reading Achievement 1.0495 .7396 19.18**

Verbal Participation -.2848 .2322 1.50

Pretest .5314 .0985 29.1360**

*Significant at the .05 level, F.05(1,94) = 3.95

**Significant at the .001 level, F.
001(1,94)

= 11.68

The F-value for each independent variable determines the level at

which that variable is a significant predictor of a score on the post-

test instrument.

Discussion

The data indicate that sex and verbal participation are not signif-

icant predictors of success on the posttest; the F-level for race was

insufficient to enter into the regression equation. The pretest and

reading achievement are highly significant predictors of success on

the posttest (P<.001). Age and WISC Full Scale IQ are also significant

predictors of success on the posttest (P<.05). These results indicate

that prior knowledge of the co 'epts measured by the test instrument and

the teachers' assessment of reading level were the best determinants

of whether or not the experimental group students attained high scores

on the posttest. Test analysis shows that only two of the 20 items were
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aimed at baseline information and that 14 of the 20 items involved

-ognitive levels higher than recall. There are also more words in thy,

response choices than in previous tests, which could explain why

reading achievement was such a high predictor of posttest success. I;

did not attain the high predictive value for Unit IV that it had on all

previous tests. Older students achieved slightly higher scores than

younger students and girls scored slightly higher than boys. This

result was expected since girls reach puberty at an earlier age than

boys and most of the girls in the experimental group are at the age of

the onset of puberty and should already know or at least feel the need

to know more about sexual development than younger girls or boys.

Table 273. Matrix of Correlation Coefficients
Experimental Group, Unit IV

Age
Total
IQ Race

Reading
Achieve-
ment

Verbal
Partici-
patios

Pre-
test

Post-
test

Sex

Age

Total IQ

Race

Reading

Achieve-
ment

Verbal
Partici-
pation

Pretest

-.093 -.122

.083

-.084

.331

-.076

.232

.212

.374

-.305

-.029

.027

.357

-.231

.441

-.097

.408

.330

-.227

.190

.238

.064

.047

.482

-.153

.486

.253

.505

bince IQ and reading level are quite highly correlated (.374), much

of the variance accounted for by reading level would also be acccnted

for by IQ. This is a probable cause of the results of the multiple

regression analysis.
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Table 274. Multiple Stepwise Regression Analysis
Experimental Group, Unit IV

279

Step
Num- Variable
ber Entered

Multiple

r

Increase

r
2

in r
2

No. of
F-Value Independent

to Remove Variablr,s

1 Pretest .5049 .2549 .2549 33.8702 1

2 Reading
Achieve- .6424 .4127 .1578 26.3354 2

ment

3 Age .6845 .4686 .0558 10.1935 3

4 Total IQ .5995 .4893 .0207 3.9001 4

5 Verbal Par-
.7055 .4978 .0084 1.5954 5

ticipation

6 Sex .7057 .4980 .0002 .0364 6

The effect of the pretest accounts for approximately 25.5 percent

of the variance in the regression equation. The combination of pretest

and reading achievement accounts for 41.3 percent and when ace is in-

cluded the total is 46.9 percent. The inclusion of all independent

variables except race, whose F-level was insufficient to enter into the

regression equation, accounts for 53.5 percent of tie variance. This

result compares favorably with the results fo.1- previous units. The low

significance levels for sex, age, and IQ are encouraging.

Objective Achievement Tests

Analyses of Variance and Cwariance, Experimental Group, Urit IV.

Two statistical tests wers performed to investigate the question, "Is

there a significant difference between experimental classes in the level

of achievement on the Unit IV posttest?" The results of an analysis

of covariance are summarized in Table 275 and indicate a significant
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difference between classes on posttest means adjusted for differences

in pretest scores.

Table 275. Analysis of Covariance Between Classes
on Adjusted Unit IV Posttest Means, Pretest as Covariate

Source d.f. F-Ratio

Between Groups 9 4.8224**

Within Groups 90

**Significant at the .001 level, F.
001(9,90)

= 3.53

An analysis of variance was also conJuted between experimental

classes with residual gain scores as the dependent variable. Table 276

shows the results of the analysis of variance, indicating a significant

difference between classes on residual gain scores. The pretest, post-

test, and residual gain means are summarized in Table 271, page 276.

Table 276. Analysis of Variance Between Classes
on Residual Gain Scores, Experimental Group, Unit IV

Source d.f. Mean Square F-Ratio

Between Groups

Within Groups

9 28.3863

91 5.8291

4.8697**

*' Significant at the .001 level, F.
001(9,91)

= 3.54

This result confirms that of the analysis of covariance.
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Discussion

The results of the analyses of variance and covariance confirmed

the results of a visual inspection of Unit IV scores. Classes 22 and

27 were clearly superior to the other classes and apparently classes 21

and 35 were inferior. The time available for instruction in Unit IV

could have influenced the results. All other classes are clustered

around the mean posttest level.

Analysis of Variance, Experimental Group. The results of the

multiple linear regression on the posttest indicated that reading achieve-

ment (P<.001), age, and WISC Full Scale IQ (P<.05) are significant pre-

dictors of success on the posttest. The reduced N for Unit IV precludes

the possibility of a three-wal, analysis of variance because of the number

of empty cells and the small number of replications per cell that would

result. In previous units, only those independent variables from the

multiple regression significant at the .01 level and beyond have provided

significant differences in subsequent analyses of variance. Because of

previous results, residual gain scores were blocked on five levels of

reading achievement: readiness and first grade, second grade, third

grade, fourth grade, and fifth grade. An analysis of variance was per-

formed on the five levels to determine if there were any significant

differences between levels. The following question was then investigated:

"Is there a significant difference in residual gain scores between stu-

dents blocked on five levels of reading achievement?"

Table 277 contains the results of the analysis of variance, indi-

cating a significant difference between reading levels. Table 278

summarizes the N, means, and standard deviations for the residual gain

scores in each cell.
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Table 277. ANOVA, Residual Gain Blocked on Reading Achievement
Experimental Group, Unit IV

Source d.f. Mean Square F-Ratio

Between Groups

Within Groups

4

96

49.4999

6.1243

8.0826**

**Significant at the .001 level, F.
001(4,96)

= 5.11

Table 278. N, Mean Residual Gain Scores and Standard Deviations
for Reading Levels, Experimental Group, Unit IV

Reading Level N Mean Standard Deviation

Fifth Grade 6 1.8376 2.3407

Fourth Grade 15 2.0197 1.8505

Third Grade 23 .1054 2.8004

Second Grade 31 .3360 2.7239

Readiness and
First Grade

26 -2.0829 2.1677

Discussion

The analyses of variance were computed on the five reading levels

and the results indicate that there is a significant difference in

residual gain scores between levels (P<.001). Visual inspection indi-

cates three performance levels: fourth and fifth grades, third and

second grades, and readiness-first grade, with the tendency for the

higher reading levels to achieve higher residual gain scores. As

indicated previously, this result is probably due to the increased

demand for reading on the Unit IV tests.
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Factor Analysis. To determine the structure of the Unit IV

achievement tests, a Harris-Kaiser oblique, unnormalized, orthogonal

rotation was performed on the results of posttests A and B. For post-

test A, 12 factors were identified which accounted for 48 percent of

the variance. For posttest B, 13 factors were identified which accounted

for 56 percent of the variance.

Table 279 presents the results for posttest A, showing only those

factors with eigenvalues above 1. The objective measured and cognitive

level of each item is included, as is a hypothetical name for each factor.

Table 280 presents the resul.ts for posttest B, showing only those factors

with eigenvalues above 1.

Table 279. Factor Structure - Unit IV, Posttest A

Factor Items
Cognitive

Level
Objective

1 6 high 404

7 low 403

9 knowledge 400

2 6 high 404

13 attitude 401

17 attitude 401

3 4 low 403

12 knowledge 403

20 low 403

Name

chapter overview

attitude toward body

functions

conception - fetus

development



Table 280. Factor Structure - Unit IV, Posttest B

Factor Items
Cognitive

Level
Objective Name

1 8 low 403 conception - umbilicus

11 high 403 attachment

2 15 knowledge 403 menstrual cycle

3 1 low Unit II Unit II recall

Three of the four items found in posttest B factors (with eigen-

values above 1) have their corresponding Form A item in the posttest A

factor analysis. Posttest A factors are evenly distributed across the

test, but posttest B factors deal almost entirely with objective 403.

Since objective 403 was the focal point of Unit IV, the results from

posttest B are not surprising.

Summary

Pretest to posttest gains were exceptionally high for Unit IV,

indicating a significant effect due to instruction. Students with high

reading ability achieved a higher level of success than students at low

reading levels. This is attributed to the amount of reading involves

in the test itself and not to the instructional program. Achievement

test results identified some problcms with the items themselves and

some instructional problems that have resulted in modifications of

the tests and the instructional materials. Teacher feedback has been

invaluable in improving the experimental materials. Student interest

and motivation for Unit IV has been higher than with any previous unit.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The major purpose of this formative evaluation is to formalize the

data and interpretations of data that were provided to the team of

writers revising the experimental materials. Specific suggestions for

changing and improving are contained within the discussion of each ob-

jective within each chapter and will nct be repeated in this summary. A

general description of outcomes for the entire program are presented

first, based on the questions posed in the evaluation model (see Table 1,

page 11). The questions are not repeated, but the discussion follows the

same sequence. The conclusions, following the summary, are presented

unit by unit to point out important results. The concluding section in-

cludes the major revisions that were made in the revised materials.

What Were the Results of the Formative Evaluation?

Students in the 1970-71 field test were within the prescribed limits

of age and IQ for which the materials were designed. Table 3 (in Chap-

ter I) provides a summary of background variables for students in the ex-

perimental group. Table 4 provides this information for students in the

control group. These tables also indicate the number of students outside

the prescribed IQ and age limits in both groups.

Pretest scores indicated that many students could perform the be-

haviors specified by the objectives and subobjectives prior to instruc-

tion in Unit I. This is by design. The writers wanted the students to

experience success early in the program to provide more stimulation and

enthusiasm. Nine of 30 Unit I test items provided baseline measures of



student achievement. In subsequent units, activities relied less on

prior knowledge, and the general trend of baseline type items declined

from nine in Unit I to two in Unit IV.

Most teachers reported that they used the strategies as described.

A few reported minor modifications and fewer still reported major modifi-).

cations. No funds were available for either videotaping teacher presen-

tations or for providing classroom observers to verify teacher reports of

fidelity to strategies. Experience from the previous year's testing plus

data from a limited number of staff visits to test classrooms lead us to

doubt the high percentage of fidelity to the strategies reported.

The mean number of hours of instruction for each unit was well with-

in the prescribed time limit of 30 minutes per day, five days per week,

lasting from four to six weeks. Under normal classroom conditions,

however, and with the goal of teaching for a mastery level of student

achievement, NE NOW is a full two-year program.

Teacher reports indicated that the overall student success ratio

was high on the behaviors specified within the program. Where specific

difficulties were identified by teachers or by achievement tests, re-

visions were made in strategies, materials or procedures.

In Units II and IV, a wide divergence of teacher fidelity to

strategies occurred. These were the only units where significant

differences were found between classes in the level of student achieve-

ment. The evidence indicates that the desired student responses will

occur if teachers follow the prescribed strategies.

Teachers' comments on feedback forms were extremely valuable to

the revision team in producing the revised edition. In general,

teacher reaction to materials and strategies was overwhelmingly
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favorable. The major problems in materials were encountered with

temporary equipment that will be replaced by the functioning torso

in the commercial edition. Some problems were also encountered with

films, but seven films designed specifically for use with ME NOW are

available with the commercial edition and should enhance as well as

strongly reinforce learning with the revised edition.

It is very difficult for a teacher who is used to lecturing to a

class to modify his or her behavior in order to become a guide for

student activities. Most experimental teachers made this shift, but

in varying degrees. Teachers who were completely successful in chang-

ing their behavior indicated a high degree of student enthusiasm and

motivation in their new role.

The students' reactions to the materials, according to teacher

reports, were overwhelmingly positive. Quotes from teachers regarding

student attitudes and reactions are contained in previous chapters

and will not be repeated here. Both teachers and developers were ex-

tremely well pleased with these results. For most students, ME NOW

has provided the first opportunity to "put their hands on things," to

manipulate equipment and to draw their own conclusions on data they

have collected.

Teachers' estimates of the proportion of students able to success-

fully perform specified behaviors were generally high throughout the

program. Where low success levels were reported, an attempt was made

to determine if the problem was related to teaching strategies, mate-

rials, leveJ of difficulty, etc.; and appropriate revisions were made.

Mean total gains from pretest to posttest were achieved in all four

units by students in the experimental group, and the posttest level of
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achievement was satisfactory for all units and spectacular in Unit IV.

Gains were evaluated by calculating simple pretest-to-posttest gains,

gains from pretest scores to adjusted posttest scores, and residual

gain scores. Adjusted posttest scores and residual gain scores were

calcLlated to minimize the effect of a regression to the posttest

mean, inherent in any pretest-posttest design. That is, those students

scoring high on the pretest will tend to score lower or regress to the

Posttest mean level of achievement, and those students who scored low

on the pretest will score higher on the posttest. This effect occurs

without instruction taking place and must be accounted for in the

evaluation.

In Units I, II and III, students in the experimental group scored

significantly higher on adjusted posttest scores and on residual gain

scores than similar students in the control group. No control group

was used in Unit IV, but the level of the gains was so spectacular that

there was no doubt that instruction had produced a significant effect.

What Were the Major Conclusions from the Evaluation?

1. The data indicate that students learn during exposure to the mate-

rials of ME NOW and attain levels of achievement that are signif-

icantly higher than similar students in a control group not ex-

posed to ME NOW.

2. In Units I, II and III, students in the experimental group with

WISC Full Scale IQ scores between 67 and 79 attained posttest

achievement levels equivalent to or significantly higher than

students with WISC Full Scale IQ scores of 80 or above.
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3. In Units I, II and III, students in the experimental group with

WISC Full Scale IQ scores between 67 and 79 attained posttest

achievement levels significantly higher than students with WISC

Full Scale IQ scores of 66 or below.

4. In Unit IV, the level of gains from pretest to adjusted posttest

scores was far beyond the level expected by the develwirs, and

the achievement level was virtually independent of WISC Full

Scale IQ scores.

5. Based on conclusions 1, 2 and 3, we feel that the ME NOW materials

are suitable for the population of educable mentally handicapped

children for whom they were designed.

6. In Units I to IV, pretest scores were the best predictors of

posttest scores on the alternate test forms.

7. In 'snits I, II and III, males attained higher levels of achieve-

ment than females although the difference was not statistically

significant.

8. In Unit IV, females attained higher levels of achievement than

males although the difference was not statistically significant.

9. Race of the students in the experimental group had no determining

effect on achievement level. In Units III and IV race did not

account for enough variance to enter into the regression equation

of the multiple stepwise regression.

10. In Unit IV, teacher's assessment of reading level was a highly

significant predictor of success on the posttest. This is

attributed to reading involved in the test and not to any reading

effect during instruction.

11. A gross ignorance of the process of menstruation was evident among
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girls in the experimental group prior to instruction in Unit IV.

Sinc'e many females encounter the onset of puberty ac the age Jevel

of 11 to 13, instruction with materials similar to Unit IV of

ME NOW should be emphasized.

12. The ME NOW program is based on a philosophy of tt trough

inquiry. Throughout the period of instruction, student success

was heavily dependent on teacher fidelity to instructional

strategies. In view of these results, we strongly recommend that

teachers undergo sufficient training to acquaint them with the

philosophy and rationale of the program, prior to attempting any

classroom instruction with ME NOW.

What Were the Major Revisions Suggested for the Revised Materials?

The following are the major additions to the ME NOW materials,

in addition to the changes cited in the evaluation of student achieve-

ment in the previous chapt,,rs.

1. Application and/or extensions to the lessons have been added to

help the teacher broaden the effective use of ME NOW. Many

activities relate directly to health, safety, nutrition, etc.,

and logical entry points from ME NOW have been provided to these

areas.

2. Instructional assessments similar to the questions used in the

achievement tests have been included at the particular point in

instruction where any of the test items measure achievement. In

this manner, teachers can assess student achievement on a regular

basis and not wait until after completing the unit to find out
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if the students have mastered the concepts.

3. C. .ave been added throughout the guides to rerind teachers

ox appropriate teacher behaviors necessary in inquiry teaching.

4. The teacher's part of the suggested dialogue has been shaded to

draw the teacher's attention and facilitate the use of the guide.

Summary

Dr. Gaston E. Blom stated, "Children with handicaps have greater

concerns about their bodies, body parts, and body functioning than do

normal children. These concerns, both realistic and irrational, in-

fluence their self-concepts and many of their behaviors, including

learning."

After extensive classroom trials and revisions, we believe that

ME NOW capitalizes on the concerns of the EMH child and provides an

effective' program of instruction to help him learn more about his

body and how it functions. We are grateful to the U. S. Office of

Education, Bureau of Education for the Handicapped, for providing the

funds necessary for the development of ME NOW.

20
Blom, Gaston E. "Sone Considerations About the Neglect of Sex
Education." The Journal of Special Education, Vol. 5, No. 4,
pp. 359-61. (Winter, 1971)
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APPENDIX I. CONTROL CLASSROOM TESTING SCHEDULE

Pretest, Unit I

Posttest, Unit I

Pretest, Unit II

Posttest, Unit II

Pretest, Unit III

Posttest, Unit III

Pretest, Unit IV

Posttest, Unit IV

November 2-6

January 11-15

January 11-15

February 15-19

February 15-19

March 29-April 2

March 29-April 2

May 24-May 28

293
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BIOLOGICAL SCIENCES CURRICULUM STUDY
UNIVERSITY OF COLORADO P.O. BOX 930

BOULDER. COLORADO 80302
APPENDIX II

ME ,'IOW

EMH Life Science
1970-71

Experimental Materials

The formative evaluation of the experimental Life Science materials
"Me Now" is designed to secure data to answer a series of questions re-
garding the characteristics of the students in the trial classes. The
class enrollment form is one of the data reporting forms to gain in-
formation about the students. All information will be regarded as
confidential and used only in the evaluative process of the Life
Science program.

Directions for the completion of the class enrollment form.

Top left corner: Be sure to supply complete information in this
section. The information given will help us
to keep our files straight and make the re-
cording of data easy to handle.

Top middle: This information will facilitate contacting
you when school is not in session.

Top right:

Column 1:

Column 5:

Column 6:

School district information must be supplied;
these data will enable us to describe the
experimental population more accurately. Be

sure that when you circle a school descriptor,
you circle one category in line (a) and one
category in line (b).

To facilitate the data processing by a com-
puter, all students will be assigned an I.D.
number by BSCS. Student names cannot be used
in data processing.

Intelligence test data. If the child has not
had a WISC test, enter the Binet test score
under total test or other test score that is
available and indicate the name of the test
given.

Ethnic background. Circle the appropriate
group. (1) Caucasian or white; (2) Negro or
black; (3) Spanish American or Puerto Rican;
(4) other such as Indian or Oriental. If

other is circled, please write the ethnic
background for the student above the numbers
in column 6.

Column 7: Reading achievement data is your judgment of
the child's performance in the classroom



Column 8:
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reading you require him to complete. Circle
the appropriate grade level that best describes
his reading skill. R is reading readiness
level, 1 is first grade, etc.

Describe in your judgment the student's ability
to participate in class discussions. We are
interested in your opinion of the student's
ability to interact verbally. The scale is
arranged so that Low (1) would be a non-verbal
student and high would be a student who is
able to carry out a good relevant verbal inter-
action.
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APPENDIX IV. OBJECTIVES AND SUBOBJECTIVES

UNIT I. DIGESTION & CIRCULATION

Terminal Objective 100. Students will associate food with generalized
body needs.

Subobjective 1. Students will observe evidence of their
growth and relate it to food.

2. Students will describe particular uses of
food from their own experience.

Terminal Objective 101. Students will associate food types with plant
and animal sources.

Subobjective 1. Students will distinguish between animal and
plant food soIrces.

2. Students will identify the animal source of
specific foods.

3. Students will identify the part of the plant
where specific foods grow.

Terminal Objective 102. Students will recognize differences in
physical characteristics of foods.

Subobjective 1. Students will recognize that foods are composed
of solids and liquids.

Terminal Objective 103. Students will relate structure with function
of mouth parts.

Subobjective 1. Students will associate the teeth with
chewing, and the tongue with chewing and
tasting.

2. Students will associate the tongue with
distinguishing tastes.

3. Students will observe and describe the
secretion of saliva in the mouth.

4. Students will relate functions of teeth,
tongue, and saliva in the mouth to
characteristics of foods.
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Terminal Objective 104. Students will relate location of the mouth and
stomach to structure and function of the
esophagus.

Subobjective 1. Students will observe, describe, and develop
ideas about the passage of food from the
mouth to the stomach.

Terminal Objective 105. Students will relate stomach functions to
digestion.

Subobjective 1. Students will describe external evidence
of stomach activity.

2. Students will observe and describe effects
of simulating the churning actions of the
stomach.

3. Students will observe and describe the
solubility of sugars in water.

4. Students will observe and interpret a
laboratory test tc determine the presence
of sugar in a solution.

5. Students will perform and interpret a
laboratory test to determine the presence
of starch in a food.

6. Students will determine the presence or
absence of starch and sugar in a variety of
foods.

7. Students will associate "digestive juices"
with the conversion of starch to sugar.

8. Students will observe and describe the
effects of digestive juices on foods.

9. Students will review and describe the process
of digestion from the mouth through the
stomach.

Terminal Objective 106. Students will construct inferences about the
functions of various parts of the circulatory
system.

Subobjective 1. Students will observe external evidence of
circulation.

2. Students will locate, observe, and describe
evidence of heart activity.
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Subobjective 3. Students will associate heart actions with
heart sounds.

4. Students will associate heart actions with
pulse.

5. Students will associate heart actions with
heart sounds and pulse.

6. Students will associate the circulation of
blood with heart action and pulse.

7. Students will make and explain a simple
diagram of the circulatory system.

Terminal Objective 107. Students will construct an inference about
the relationship between food and blood,
and describe the barriers between them.

Subobjective 1. Students will trace the pathway of food
from the mouth to the intestine.

2. Students will trace the remainder of the

digestive tract, and speculate about the
fate of digested food in the intestine.

Terminal Objective 108. Students will observe and describe movement
of substances through membrane barriers.

Subobjective 1. Students will compare the permeability of
a membrane to solids and to liquids.

2. Students will observe and describe movement
of substances in solution through two
membrane barriers.

3. Students will review and describe the
processes of digestion and circulation.
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UNIT II. RESPIRATION & BODY WASTES

Terminal Objective 200. Students will infer that breathing is a
necessary life process.

Subobjective 1. Students will associate internal body parts
with external evidence of breathing.

2. Students will associate internal body parts
and external evidence of breathing with
the flow of air in and out of the body.

3. Students will associate breathing with the
exchange of oxygen and carbon dioxide.

4. Students will infer that oxygen is necessary
for life.

Terminal Objective 201. Students will identify respiration as a
necessity for body action.

Subobjective 1. Students will associate increased body
activity with the need for additional food
and oxygen.

2. Students will associate food and oxygen
with muscle activity.

3. Students will infer the need for an oxygen/food
distribution system to the muscles, and
identify the blood as part of that system.

Terminal Objective 202. Students will infer a relationship between
waste and internal body processes.

Subobjective 1. Students will recognize that water and
carbon dioxide are products of energy release.

2. Students will relate specific excretions to
specific regions and actions of the body.

Terminal Objective 203. Students will recognize, recall, and be able
to synthesize concepts presented in the Unit.

Subobjective 1. Students will interpret and explain animated
cartoons depicting Unit concepts.
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UNIT III. MOVEMENT, SUPPORT, & SENSORY PERCEPTION

Terminal Objective 300. Students will associate bones and muscles
with body movement, support, and balance.

Subobjective 1. Students will determine how muscles work.

2. Students will determine how muscles and bones
work together.

3. Students will associate body strength and
endurance with muscle development.

4. Students will identify protective functions
of bones and muscles.

5. Students will determine that muscles and
bones are necessary for support and balance.

Terminal Objective 301. Students will associate senses with conscious
and unconscious control of body activity.

Subobjective 1. Students will identify the senses.

2. Students will identify senses used in
recognizing their surroundings.

3. Students will determine the influence of
senses on body activity.

Terminal Objective 302. Students will associate the brain with control
of body activity.

Subobjective 1. Students will determine that the brain directs
conscious and unconscious activity.

2. Students will determine that brain receives
and sends information from and to the body.

3. Students will associate brain-directed
activity with learning from previous
experiences.

Terminal Objective 303. Students will associate sensory perception
with learning and behavior.

Subobjective 1. Students will determine that some perceptions
are attitudinal.

2. Students will associate practice with learning.

3. Students will associate learning with behavior.
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UNIT IV. GROWTH & DEVELOPMENT

Terminal Objective 400. Students will associate distinctions between
the sexes with body parts and characteristics.

Subobjective 1. Students will recognize differences that
indicate sex.

2. Students will recognize that people undergo
sexual development, and that they do so at
different rates and ages.

Terminal Objective 401. Students will identify and distinguish
functional roles of organs related to sex.

Subobjective 1. Students will infer adolescent functions of
female sex organs.

2. Students will infer adolescent functions of
male sex organs.

Terminal Objective 402. Students will infer social roles related to
sex.

Subobjective 1. Students will identify peer group relationships.

2. Students will infer their potentia] roles as
parents.

Terminal Objective 403. Students will associate parental roles with
the formation and development of a new
individual.

Subobjective 1. Students will relate functions of the male and
female sex organs to the production of a new
individual.

2. Students will associate the period of
pregnancy with fetal development, time, and
changes in appearance of the mother.

Terminal Objective 404. Students will relate changes in "life's
continuum" to human growth and development.

Subobjective 1. Students will infer infant-parent relationships
based on infant needs.

2. Students will determine the factors necessary
for human growth and development.

3. Students will identify and describe periodic
changes in growth, development, and aging.
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Terminal Objective 405. Students will account for the phenomena that
have contributed to the development of
"Me Now."

Subobjective 1. Students will distinguish between characteristics
that are inherited and those that are not.

1


