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National Assessment Report 1:

Science National Results

Additional reports giving more detailed analyses
of data will be published in coming months.

The texts of these exercises have been released. S
The texts are only part of how the exercises were

given. Reuse of the texts alone cannot be expected -
to produce results that can be compared with those "
given here. |
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FOREWORD

The Education Commission of the States assumed full
responsibility for managing the National Assessment program
on July 1, 1969, because of its interest in accountability
and after it had been requested by éaucatianal organizatians

respon51b1e to the publ;c. The Educatlgn GDEmLSSlGD of the
States through its Steering Committee is kept informed of
National Assessment by means of an ll-member Policy Committee
and a 28-member Advisory Committee. The Commission is
ultimately responsible not only for continuing management but
for possible changes in emphasis and direction.

Readers of the first two National Assessment reports on
Science and Citizenship results should approach the reports
and data discussed therein with a number of cautions. It is
important that they do so because, even after five years, the
purposes, design and potential usefulness of National
Assessment have not been fully or widely understood or
exhaustively explored.

Among the cautions are the following:

1. The two reports issued on July 8, 1970, are partial
reports of the first year of data gathering. They are partial
in that
a. they ccver only two of the 10 subiject areas in
the overall design, namely Science and Citizen-
ship,

b. they provide only national results in théée two

subject areas,

- ¢. the Citizenship results cover only three of the
hine categories to be reported.

Subsequent reports will (1) report results in Writing, the
third subject area already assessed; (2) provide analysis

of data in all three subject areas by region, color. sex,
community and family characteristics; and (3) complete the
Citizenship results. To analyze the data collected from
approximately 100,000 respondents and to present the results
in interesting, reliable, and meaningful ways takes time.
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The National Assessment Policy Committee agreed, however
that it was desirable to issue a partial report to the
public as soon as possible. The first two reports, although
partial, are final in terms of the information they present.
They furthermore render the important service of making
clear and concrete the purposes and scope of National
Assessment.

2. A second caution is that the reporting of the results
for the first time in any subject area will not provide a
measure of the progress of learning of the populations
assessed. The first reporting in a given subject provides
"bench-mark data" against which the results of later
assessments in that subject can be compared. One of the
most important aspects of Assessment is the possibility of
making comparisons over time of progress or lack of progress
in a given subject area. To realize this objective of
observing change over time in all 10 subject areas, will
take more than a decade. However, since Reading, Science,
and Mathematics will be assessed every three years (the
other seven subjects--Art, Music, Writing, Social Studies,
Citizenship, Career and Occupational Development, and
Literature—~-are to be assessed every six years) there can

be useful comparisons in Science after three years, and
similarly, more frequent comparisons in Reading and
Mathematics. Realizing this important goal means a continuous

operation, continuous fundlng and ~ - patience. As National
Assessment continues through the years with adequate funds,
it will make an important contribution’ as an "educational

indicator" in our national life. -

3. It should be emphasized that National Assessment is
designed to provide national and regional pictures of
educational attainment. National Assessment will not report
about individual states or parts thereof. (National
Assessment was almost aborted in the developmental stages
because of fears that it might "intrude" itself into the
evaluation of state and local school systems.)

4, National Assessment is a new venture in educational
evaluation. Its purpose in providing descriptive census-
like information is relatively simple. In scope and method-
ology, however, it is innovative and complex in many ways.

It is the first assessment of educational achievement on a
national scale. It relies on a large sampling base determined
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by complicated sampling procedures. It has developed its
ownh questions (exercises) employing some new approaches.

It has formulated learning objectives in behavioral terms
through the involvement of many people with different back-
grounds and has publicized these objectives. . It has
developed exercises designed for public understanding
covering greater ranges of difficulty than those found in
standardized tests--exercises that measure the stated _
objectives i.1 behavioral terms. It reports results, not in
terms of scores, standards or norms, but by publishing
actual items and showing percentage choices for alternative
answers. It intends to use traditional statistical analyses
and is amenable to the employment of new aunalytical
techniques. .

Because National Assessment is a new venture in educational
measurement, the designers, the working staff, the Policy
Committee and the sponsors wish to emphasize that:

National Assessment is, even as it is about to enter
a second yvear of data-gathering (in Reading and
Literature), an evolving mechanism, studying itself
and receptive to suggestions for improvement.

National Assessment results are releaszed by the
Education Commission of the States without drawing
conclusions about their implications for edu-
cational policy. National Assessment supplies
information, not "answers." The seeking of "answers"
is recognized as desirable and it is the hope of
National Assessment that it can provide "facts" that
will assist others in part through the formulation
and conduct of research projects to find "answers."

National Assessment is a large and complex program. To
meet the central goals, it must continue to develop further
both methods of measurement and methods of analysis and
presentation. To find the "facts" is the challenge.

xi
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National Assessment is a program of educational product
measurement consistent with the current desire to determine
the yield of the educational dollar. It is hoped that it may
encourage other more refined and localized approaches to
determining accountability. :

James A. Hazlett
Administrative Director for National Assessment
and Chairman of the Policy Committee

wWendell H. Pierce
Executive Director
Education Commission of the States
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1.
i 1
NATIONAL ASSESSMENT OF SCIENCE

In 1964, the Exploratory Committee on Assessing the Progress
of Education (ECAPE) was established to determine the
feasibility of conducting a study which would assess the
educational attainments of Americans and, if this proved
possible, to develop the plan @nd the instruments for its
conduct. As a consegquence of their efforts, the National
Assessment of Educational Progress came into being. Its name
stresses several important points: it is national in

scope, and its focus is the assessment of the level of edu-

time, but at various times so that it will be possible to
determine whether progress in knowledge, skills, under-
standings, and attitudes is occurring.

The plan which ECAPE developed included 10 subject areas:
Reading, Writing, and Mathematics, representing the
traditional 3 Rs; Social Studies, Citizenship, Science, Art,
Music, Literature, and Vocational Education. Vocational
Education has now evolved into a broader area which is called
Career and Occupational Development.

FEach of these subject areas will be assessed periodically so
that change over time can be observed. Science, Reading,
and Mathematics are to be assessed every three years, while
the other subject areas will be on a six-year cycle.

For more detailed information on National Assessment, gee
Womer, Frank B. What is National Assessment? Ann Arbor,
Michigan: :National Assessment oir Educational Progress, 1970;

Merwin, Jack D. and Womer, Frank B. Evaluation in assess-
ing the progress of education to provide bases of public
understanding and public policy. In NSSE Yearbook. Edu-
cational Evaluation: New Roles, New Means. Chicago,
Illinois: University of Chicago Press, 1969.




Four age levels were selected: 9-year-olds, most of whom
have completed their early primary education; l1l3-year-olds,
most of whom have completed intermediate education; l7-year-
olds, most of wwhom are approaching the end of high school;
and young adults between 26 and 35, nearly all of whom have
completed their formal education. In the l7-year-old group,
it was planned to measure those still in school and those no
longer in school (drop-outs, plus youngsters who had
completed high school earlier than usual).

The plan calls for exercises judged appropriate by scholarss
by schoel people, and by thoughtful citizens, and which were
valid from a technical point of view. Exercises were

worded to simplify them as much as possible so that they
would present no irrelevant difficulties of statement or
presentation. Generating reasonably satisfactory exercises
took considerable time. (Appendix A provides a more detailed
discussion of exercise development procedures. The four
Science objectives are listed on page A=2.)

Gathering the Data

By 1969 the plan and the materials for carrying it out were
sufficiently advanced that data could be gathered in three
areas--Citizenship, Science, and Writing. A statistically
designed sample at each of the four age levels was asked to
respond to National Assessment materials. Data were collected
from approximately 28,000 people in each of the three younger
age groups, and from about 10,000 Adults, a total of almost
100,000 individuals.

The Science, Writing, and Citizenship exercises administered
in the first year were divided into 14 "packages" for age 17,
13 for age 13, 10 for age 9, and 10 for Adults (a package is
a booklet of exercises). When each of the respondents at the
three younger ages had completed his package, there were
approximately 2,000 responses to each package and thus to
.each exercise. The number of responses allows moderately
precise statements about the knowledge of all people at an
age level and less precise statements about the knowledge of
people in such groups as those defined by geographical region,



sex, and so forth. The number of young adults taking any
given package ranged from about 650 to 900. These smaller
numbers usually led to less precise statements about Adults.

More than 2,500 schocls throughout the country cooperated

in National Assessment, allowing project staff to
administer exercises to the student sample. Young adults
and out-of-school 1l7-year-olds were assessed in their homes.

Field operations began in March, 1969, with the 17-year-old
in-school assessment. During the summer, Adults and out—of—
school 17-year-olds were assessed. Finally, the 13~-and 9-
year—olds were assessed in the fall and winter of 1969-70.

A number of unique procedures were used in the administration.
A trained field staff conducted the administration in and

out of school. During in-school administrations, instruc-
tions and exercises were read aloud by a. tape-recorded voice
as a group of students followed along in their booklets.

This increased the uniformity of administration throughout
the country, and also assisted youngsters with reading
problems to understand what was being asked of them.

Other exercises were administered individually by trained
interviewers who read each exercise aloud, and then recorded
the response. A few exercises required use of scientific
apparatus as a basis for answering questions.

Reporting Results

The first year of the data-gathering operations ended in
February, 1970. The first results for Science appear in this
volume; the first partial results for Citizenship are in a
separate publication. Additional reports on Citizenship and
Writing will appear in coming months; these will be followed
by more detailed reports on all three areas.




National Asséssment was designed to describe what groups of

Americans have learned.

In distinct contrast to tests which

give each student a score, and compare him with a norm or
examine school averages, National Assessment describes
cross-sectional samples of people-—how many of them know
this, or how many can do that?

Table 1-1 shows the national results for one exercise.

In terms of the theory of natural selection,

Table 1-1

(@ indicates correct answer)

what is the

explanation of why giraffes have come to have such leong

necks?

Age 13  Age 17
8% 12%
2 1
11 6
28 13
23 58
12 10
o o

99%

100%

Q

Stretching to get food in high trees
has made their necks longer.

There is something inside of giraffes
which keeps making longer necks.

Giraffe food contained vitamins
which caused the vertebrae to lengthen.

Giraffe necks have gotten longer and

.longer as time has gone on, but nobody

has any idea why this is.

Giraffes born with the longest necks
have been able to stay alive when
food was scarce and have passed this
trait on to their offspring.

I~

don't know.

No Response



Notice that 20% more l1l7-year-olds than 13-year-olds gave
the correct answer; more than a fourth of the 13s answered
that nobody knows why giraffes' necks have gotten longer,
while only 13% of the 17s chose this answer.

Reports of this character are released here for some 40%
of the exercises used during the first Science assessment.
Sixty percent of the exercises were held back, and can be
used when Science is again asses ..d without fear that some
schools might have "taught to" those specific exercises.
This will allow a direct and fair comparison to give
evidence of educational progress.

The form of National Assessment results is unfamiliar.

There are no scores for individuals. There is no summary
figure which describes how well any one objective or
subobjective is being achieved. There are no norms against
which to compare the percentages of success on individual
exercises. This is to be expected, since National Assessment
was not designed to provide any of these.

What National Assessment does provide is the first description
on a nation-wide basis of various educational attainments of
groups of Americans. How many young Americans, for example,
have acquired specified abilities and skills needed to engage
in the scientific process? How do 1l3~year-olds compare in
each of these with 17-year-olds? With young adults?

National Assessment reports show what information people have,
and also what misinformation people have. For a multiple=

- choice exercise, for example, this report gives the percen~-
tages marking each wrong choice. Knowledge as to what people
mistakenly think is correct can also be useful in educational
planning.

Plan for This Report

This report centers on national results, that is, on the
percentages of people throughout the country at each age
responding successfully and unsuccessfully to each of the
released exercises.

17



An effort was made to write exercises usable at more than
one age level, sco that comparisons could be made from age
to age. (Table 1-1 has already illustrated this.) Such
comparisons appear in the next chapter.

National Assessment will in later months provide results for
a variety of population groups. Detailed descriptions of
four regions, four sizes of community, four types of
community, and four levels of parents' education appear in
Appendix B. Sex and color (Black and non-Black) will also
serve as bases for analysis. Selected group comparisons are
made on 10 Science exercises to illustrate the kinds of
analyses which will be forthcoming for all exercises,

A word about sampling. The respondents were selected
according to a nation-wide probability sampling plan
intended to combine relatively high accuracy with relatively
low cost, Certain groups (such as out—-of-school 17s) would
have been too expensive to sample as heavily as their share
of the population would warrant; the respondents in such
groups thus had to be more heavily weighted to yield results
appropriate for the whole age level. All the Perc%ntagesz in
this report are based on appropriately weighted figures and
thus refer to the populations tapped by the samples.

Selection for release. Figues 1l-1 to 1-4 show the

released and unreleased. Exercises are reasonably well
spread from very easy to very hard, althought it may be seen
that few difficult exercises were prepared for ages 9 and 13.

Exercises released should be representative of all the
exercises given, matching both overall percentages of success
and differences among groups. Figures 1-1 to 1-4 show how
well the released exercises are matched in overall success

to those held for reuse. (If an exercise used at more than
one adge was released at one age, it was automatically released
at all ages.) Matching for group differences is about as
satisfactory, as well be seen in the next reports.

Throughout this report, percentages are rounded to the
nearest whole percent, and percentages of less than one-hali
of one percent are reported as 0. Totals may add up to
slightly less or slightly more than 100% because of these
roundings.




National Assessment is designed to gather census-like data
describing what groups of Americans know and can do. There
is no attempt in this report to discuss whether these results
show that the state of science education and knowledge in
the United States is good or bad, or to make recommendations
on the basis of these results. However, it is expected

that citizens~--ir~luding school administrators, curriculum
specialists, science teachers, scientists, school board
members, and legislators~-will find National Assessment
results in Science meaningful and useful in their under-
standing and their planning.
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NUMBER OF EXERCISES AT DIFFERENT LEVELS OF SUCCESS
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Each circle represents one exercise.

 Figure 1l=1




AT DIFFERENT LEVELS OF SUCCESS+*

NUMBER OF EXERCISES
- AGE 13
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Figure ]1-=2

represents one exercise.

*Nine exercises, not
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vet scored, are omitted from this chart.




NUMBER OF EXERCISES AT DIFFERENT LEVELS OF SUCCESS*
AGE 17
% correct ’ ~ Objective -
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represents one exercise.

,*Thirféen exercises, not yet scored, are omitted from this
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NUMBEZR OF EXERCISES AT DIFFERENT LEVELS OF SUCCESS*
AbULT 7 i o
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Figure 1-4
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AGE TO AGE COMPARISONS

In Science, knowledge, understanding, and skills were
expected to increase from © to 13 to 17, but not
necessarily from 17 to young adult. Figures 2-1 to 2-10,
showing percentages of correct responses on overlapping
exercises support this expectation. The percentage is
always greater for 13s than for 9s, and for 17s than for
13s. On the majority of overlapping exercises, 13s and 17s
do better than Adults but there are a number of exercises
where Adults perform better than respondents of school age.

of overlapping exercises

The content of the limited number
pages 31 to 45. For a few

for these ages may be examined on
of the exercises it will be noted that there is some slight

change in the wording or order of choices from one age
to another. Such variations are noted on the exercise.

Table 2-1 summarizes comparisons of results for 17s and with
Adults. O0Of the 58 exercises given to both 173 and Adults

38 are answered correctly by more 17s, and Adults do better
than 17s on 20 others. Examination of the I-don't-know
choices shows a rather consistent pattern:

1. Adults use I-don't-know more often. (Indeed, 17s
use this response more often than 13s, and 1l3s more

than 9s.)

2. Adults usually make fewer Wrcﬁg choices than 17s,
thus showing less misinformation.

For most exercises, Adults make fewer right choices
than do 17s, thus showing less information.

NAEP research found that adding the I-don't-know response
tended to decrease the amount of guessing by respondents.
responses to the overlapping exercises suggest that (at
least for certain exercises, most of which demand formal
education) Adults are more willing than school age respondents
to say I-don't-know. The 17s, on the other hand, use I-don't-
know rather infrequently, and make many errors. The

The
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVE I

Age 9 ] Age 13
100 100
90
Key to Released Exercises
Objective I
Overlap Exercise
: Number
80
a 3
b 7
c 6
d 2
70
60
EX)
9 50
@
M
M
=} |~
o
o0
40 40
30 30
20 20 —————— Released
—— HNot released
10 10
0 1o

Figure 2-1

L
O
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UCCESS ON QOVERLAPPING EXFRCISES

LEVELS OF 8
OBJECTIVES OTHER THAN I

Age 9 . Age 13

100 hoo

a0 90
a

Key to Released Exercises
Objectives Other Than I

Overlap Exercise

; Number
% a 5
: b 4
¢ c 1
v d 3
; )

5 [&]

T @

o]

i H

H [a]

i o

¥ o8

;

5 - Releagsed

L

All four exercises
overlapping age 9 and
13 happened to be
selected for release.

20 20
10 10
0 - 0

Figure 2-2

ERIC]
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES

Age 9 Aduylt
100 100
- 90 90

80 L7 | 80

50 ,

=+

@ 50 50

H

[

0

4]

of
40 40
30 30
20 20
10 10
o 0

Figure 3.3

ERIC

Aruitoxt provided by Eic:

OBJECTIVE I

——————— Not released

All exercises over-
lapping age 9 and
Adult happened not to
be selected for
release.
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90

80

70

60

50

40

30

LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVES OTHER THAN I

Key to Released Exercises
Objectives Other Than I

Overlap Exercise
] Number
a 41

——— Released

— Not released
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVE I

Age .13 Age 17
lo0 100
a
90 ' 920
Key to Releaszed Exercises
Objective I
Overlap Exercise
80 80 ] Number
a 13
b 18
c 12
. d 10
70 e 9
60
+J
0
t«' 50 50
o
4]
a0
40 40
30/ 30
20 . 20 ee———— Released
—————— Not released
0 0

17 t1 29



LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVES OTHER THAN I

Agea 13 ___Age 17
100 100
90 a0
1 Key to Released Exercises
Objectives Other Than I
Overlap Exercise
80 BO ____ Number
a 11
b 35
c 22
a 39
70 70 e 31
£ 21
60 60
: @50 50
: =
s H
P s}
(&}
: an
; 40 40 -
30 30
20 20 — Released
—_——— Not released
S 10 £ 10
0 — 0

Figure 2-6
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LEVELS OF SUCCESS ON OVERLAPPING EXERCTISES
OBJECTIVE I

Age 13 . Adult
100] 100
90
Key to Released Exercises
Objective I
Overlap Exercise
a 49
b 18
=] 47
a 43
70 = 48
£ 42
g 46
60
+
[4)
@
H
o 50
a =
oR
40
30
20 ———— Raleased
—— Not released
10 10
0 0

Figure 2-~7
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVES OTHER THAN I :

Age_ 13 _ i Adult
lOOrr7 100

Key to Released Exercises
Objectives Other Than I

Overlap Exercise
Number
45
35
22
39
31
44
21

G D 0O

% correct

, 20 —— Released
: ———— Not released
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Q
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
CBJECTIVE I

Age 17 . ___Adult
100 ;*iL__k, 100
Key to Released Exercisesg
Cbjective I
) i Overlap Exercise
80 b 80 _ Number _
a 25
b i8s
c 36
d 28
e 27
3 40
g 16
h 20
i 24
3 15
k 26
1 19
o m 34
4 n 33
o o 14
=]
o] P 29
° g 30
o
30 L ¥ - 30
e - :
20 ; 20 Released
- Not released
k‘ﬁ—\
10 15
1
0 - 0
Figure 2-9
Q ‘ 210
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LEVELS OF SUCCESS ON OVERLAPPING EXERCISES
OBJECTIVES OTHER THAN I

Age 17 ) ~ Adult
100 100
€0 20
Key to Released Exercises
Objectives Other Than I
Overlap Exercise
30\ 80 __Number
] a 39
= 2 — 4 b 23
v S - c 22
4a 35
70 ‘e 38
£ 31
d g 37
) h 32
a i 17
50 60 3 21
s £
3
u 50 50
o
3]
oo
40 40
)
30} h 30
[ i
20 20 ——— Released
’ —————— HNot released
J
| luwxxf;f;ff;;- Lo
3 oL 0
Figure 2-10
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TABLE 2-1

RELEASED AND UNRELEASED
OVERLAP EXERCISES COMPARED

17s more correct : 38
Adults more correct 20
sd

17s more I-don't-know - 8
Adults more I-don't-know 41
*

49

* %

1l7s more wrong 46

B * &k N
Adults more wrong 12
58

There were no I=don't=know responses for nine exerciseas.

* % - ) . ,
Includes all responses except I-don't-know and the

correct responses.
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available data cannot tell us whether this is because the
their (incorrect) choice is correct.

Examination of the released exercises suggests that Adults
do as well or better than 17s when asked questions which
they may know from personal experience, whereas 17s do
better on exercises which require formal education. Thus,
Adults do better than 17s on two exercises which call for
knowledge on human reproduction (14) and (1%), and on an
exaercise about fuses (15)3§ On the other hand, more 17s
than Adults successfully chose the response "electrons'
when asked, "An electric current in a copper wire involves
mainly the movement of..." and given five alternatives (28) .
Similarly, l17s were more successful oa (33): "Two light
waves are traveling in a vacuum. The wave with the higher
frequency will have the (shorter wave length)." While 32%
of the 17s chose the correct response, 22% of the Adults
chose it.

Frequently, choice of an incorrect response can provide
further information. On the exercise below on ecology,
for example, 20% of the 17s and 30% of the Adults were not
able to apply a general principle to a specific case:

3 The wording of this exercise differs somewhat for 17s
and Adults. :

, 3824
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Exercise 38

In a particular meadow there are many rabbits that eat

the grass.
Last year

There are also many hawks that eat the rabbits.
a disease broke out among the rabbits and a

great number of them died. Which of the following
probakly then occcurred?

Age 17 Adult
4% 2% 0 The grass died and the hawk population
decreased.
1 1 o The grass died and the hawk population
increased. '
68 52 o The grass grew taller and the hawk
population decreased.
4 4 O The grass grew taller and the hawk
population increased.
20 30 o Neither the grass nor the hawks were
affected by the death of the rabbits.
2 10 o I don't know.
1 1 No response
100% 100%

On most of

the overlapping exercises, the error choices

are consistent from age to age. Although different
percentages of 17s and Adults make errors, the two

orders of
similar.

"popularity" of the alternatives are usually

Exercise 32 illustrates this point.

25 37



Exercise 32

A particular cell is shaped like a cube. If all its
linear dimensions were doubled, its veolume would
increase

Age 17 Adult

5% 4% 0o 3 times. (least popular of wrong
choices)

2z 18 0 4 times. (most popular of wrong choices)

15 9 0 6 times. (next to least popular of wrong
choices)

33 25 @ g times.
16 16 ‘"0 16 times. (next to most popular of wrong
choices)
[=] 28 0 I don't know. S
0 1 No response |
100% 101%

Clearly, the more popular wrong answers are popular at both
ages. The correct answer ranks highest in both groups but.
that would not necessarily be the case in every difficult item.

Overlaps Between 13, 17, and Adult

Five exercises administered at all three of these ages
were released. For each the percentage choosing the correct
responses increases from 13 to 17. The differences between
17s and Adults are small and inconsistent in direction.

Adults ranked lowest on the exercise (35) written for
Objective III, "Understand the investigative nature of
science."

3826



Exercise 35

Whenever scientists carefully measure any quantlty many
times, they expect that

Age 13 Age 17 Adult

- 19% 19% 25% o all of the measurements will ke
exactly the same.

2 2 1 O only two of the measurements
will ke exactly the same.

4 3 2 (0] all but one of the measurements

will be exactly the same.

639 72 57 [ most of the measurements will
be close but not exactly the
sanme .
6 3 13 o0 I don't know.
0 0 1 No response
100% 99% 99%

The correct response choice recognizes that measurement

is inevitably imperfect, henc¢e variation is to be expected.
While more than half the respondents at each age answered
correctly, the percent correct was only 57% among Adults
compared to 69% of 13s and 72% of the 17s. At each age
about one fourth of all the respondents chose the incorrect
alternatlve, "all of the measurements will be exactly the
same.'’ This choice indicates a basic lack of understand;ng.

ERIC - 27
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Adults and l7s were about equally successful on the
information exercise (18): "Information about which
one of the following is most important in predicting
weather?"” This is classed as regquiring recall of facts.
Seventy-seven percent or more of the 17s and Adults
chose, "The movement and characteristics of air masses.”
Of the 13s, 59% correctly chose this response. The 13s
often chose, "The dally extremes of temperature” (17%)
or "The daily extremes of humidity" (12%). Fewer than
10% of the 17s or Adults chose either of these or any
other answer.

There are three overlapping exercises of a "can you do
it?" type. - One requires ability to interpret data, and
two require the ability to use scientifi: apparatus.

The first (39) presents data from five experiments in
which two objects were weighed four times each. The four
weights tabulated for each object differ from experiment
to experiment. The respondent is asked to say which
experiment "gives the strongest evidence" that object I
weighs more than object II. The correct choice recognizes
that a strongly consistent finding deserves greater

trust. :

Among Adults and 12s, about 60% chose the correct response;
178 did much better, 81% making the correct selection, and
few saying I-don't-know. Fewer than 10% of any age group
chose any one wrong alternative. Such scatter of choices
suggests the presence of simple confusion or carelessness
rather than poor understanding of science.

40 4



One of the overlapping apparatus exercises (22) used the
equipment shown in Figure 2-2.

Pivot point

: — Balance beam
% 1 £l mﬂﬁ

J J J

Balance pan

Figure 2-2

In addition to the apparatus pictured, the respondent was
supplied with three l10-gram fishweights and instructed:

Place one weight in the balance pan. How many inches from
the pivot point is the hook on which you must hang one weight
to get balance?

He was given 20 minutes to respond to this and other
guestions involving the apparatus, and was given no
assistance from the person administering the exercise on
how to proceed.

29 41



The correct answer is that the second weight must be hung
from the position labelled "4" to achieve balance. More
than 60% of all ages correctly gave this answer. Adults
and 17s are successful more often than are 13s.

Figure 2~3 shows the apparatus used for another e..arcise (31)
where three age comparisons are possible,.

|

Figure 2-3

In addition to the pendulum, a clock or watch and
several large nuts were available. The respondent was
asked: ‘

How long does it take for the weight in the pan on
the end of the string to swing back and forth ten
times? ______seconds.

e T e e T L R

Again, respondents were given 20 minutes to f£ind the
answer to this and other questions involving the
apparatus. Only 38% of the 13s gave a response betwean
11l and 15 seconds, which was judged correct. Adults
(49%) and 17s (56%) did much better.

42 30




Overlaps between agsa 9 and 13 (Overlap exercises 1 to

These exercises are arranged by the order Sf size of
ocbserved difference betwsen percentage of success at
age 13 and age 9. The cbeerved differance
percentage of success is noted in the headi for
each exercise. It should be stressed that these
differences are determined from the respondents

that were sampled, and that the percentage difference
would change somewhat if chservationa were made on
other samples.

OVERIAP EXERCISE 1
315% difference in favor of age 13
(2: 6=3, 13: 2=1) {also 157 and 242)

Seientists would have most trouble teating which of the
following?

_Ags 9 -Age 13
12% &% Q I have a fever.
& 2 a I weigh 101 pounds.
14 4 [s] I am 62 inchea tall.
i3 8 [ I can lift a 20-pound box.
38 73 -] My dog is bebter than your dog.
is 7 [s] I don't know.
1 0 No response
100 % 100%

This order of alternatives was used at agas 9: at age
13 the second and third choices ware interchanged.

OVERLAP EXERCISE 2
34% difference in favor of age 13

(9= 5=4, 13: 6-2) (also 130 and 205)

The temperature that is thought moat comfertable for
a

lroom is about

Age 9 Age 13
15 % 1% 0  40%° Fahrenheit.
b} 7 0  50% Fahrenheit.
52 BB ] 70° Fahrenheit,
5 2 o  90° Fahrenheit.
3 o © 100° Fahrenhei
8 3 o I don't know,

. [+] [+] No response

101% 99 %

the word 'considered" was used in placa of

O

ERIC

Aruitoxt provided by Eic:
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GVERLAP EXERCISE 3
34% difference in favor of age 13
(s B-14, 13: 38-5} (alzso 158 and 244)

What is a scientific theory?

Ade 9 Age 13
4% 1% a It uses arithmetic.
4 (=] It descoribez a scientist,
19 [s] It deseribes an experiment.
is 14 o It tells all there is to know
about something.
2z 56 L] It explains why some things act
the way they do.
18 5 [s] I don’t know.
o] a Mo response
1013% 9%



OVERLAP EXERCISE 4
27% difference in favor of aga 13

{9: 7-17A, 13: 9=133)

(alss 150 and 231)

Weights of some Chemieal Elements
Found in a 100 pound Human

Caleium 2 pounds
Carbon 18 pounds
10 pounds
64 pounds
14 ounces
2 ouncas
4 cunces

A, From the chart above, which of the following chemical
elements is found in the SMALLEST amount in the body?

Age 9 _hge 13

14 % 3% o Calcium
-] 2 [«] Carhon
a 4 a Hydrogen

54 a1 e Sodium
7 & =} Sulfur

11 2 o] I don't know.
1 1 No responsas

100 % 100 %

QVERLAF EXERCISE 5

12% differasnce in favor of age 13

(9: 7-178, 13: 8-13B) (also 145 and 229)

weights of soma Chemical Elements
Found in a 100 pound Human
Calcium 2 pounda
Carbon 18 pounds
Hydregen 10 pounds
oxygen 64 pounds
Phosphorus 14 ounces
sodium 2 ounceas
Sulfur 4 ounces

B. From the chart above, which chemical element is found

in the GREATEST amount in the body?

— 1:
2% 2% o Caloium
2 1 o  Ccarbon
4 1 [s] Hydrogen
=1¢] 52 L] Oxygen
4 1 Q Phesphorus
7 1 (=] I don't know.
2 o Ne response
101 % 98 %

At age 13, "peunds" and “ounces" were abbreviated.

e e

O
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OVERLAP EXERCISE &
6% difference in favor of age 13

{9: B8-10,: 13: 4=10) {also 106 and 203)

On a summer day, whigh of the following clouds is most
likely to bring rain? )
Ags 9 Age 13
2% 1% [=] Thin fluffy clouds
2 1 o Red clouds at sunast
87 93 L] Thick dark-gray clouds
7 a =] Clouds that look like white
- sheep
* 1 [s] A few lines of clouda high
in the sky
2 o I don‘t know.
0 D NOo response
100% 100%

This alternative not included at age 9.

13

OVERLAP EXERCISE 7
7% difference in faver of age 13
(9: 5=6, 13: 1-1) {alse 103 and 202)
For whieh of the following reasons should you brush
your teeth?

Age 3 | Age 13

2% 0% o To straighten your teeth

2 1 ] To make your teeth harder

1 =] [=] Toc make your teeth sharper

2 o o To help your teeth grow larger
91 98 L] To help keep your testh from

decaving

i a =} I dom't know.

a 0 No response

99% 99 %



o OVERLAP EXERCISE B8
6% difference in favor of ages 13

(23.5-13, 13: 7=15) (also 101 and 201)

Where does a human baby come from?

Age 2 Age 13
1% Q% o The atork brings the baby.
92 28 ® The baby comes from its mother's
body.
3 a (<] The doctor gives the baby to
the mother,
1 0 o The father buys the baby for
the mother.
2 o o The hospital keeps many babics
and the mother picks one ocut.
0 I don't know.
1 i Noe response
101 %= 99 %

O
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17 {overlap exercises 9 tgo 13).

(13: 7-13, 17: 11-2)

Which of theae is characteristiec of birds but of no other

animals?

OVERLAF EXERCISE P
167, diffsrence in faver of aga 17

36 52
10

a 3

1 i
100 % 101 %

o o0

o0

=]

{alse 223 and 321)

Ability to fly

Ability to lay egga
Tendaney to migratae

Body coverxing of feathers

Regulated body temperature

No response

i GOVERLAFP EXERCISE 10
20% differencae in faver of ags 17
{13: B-8, 17: &6-4) (also 222 and 314)

In terms of the theory of natural selectioii; what is the
explanation of why giraffes have coma to have such long nacka?

Ags 13 Age 17

8% 12 % [=] Stretching to get food in high
trees has made thelr necks
lengar.

2 1 Q There is something inside of
giraffes which keepa making
longer necks.

12 & o] eiraffe food contained vitamins
which caused the varteb to
lengthen:

28 13 [e] Giraffe necka have gotten lenger
as time hasg gone on, but nobady

' has any idea why this is.

‘ as 58 L ] Giraffes born with thes longast
nacks have been able to otoy
alive when food was scarce and
hava passed this trait on to their
offapring.

iz 10 © I don't know.

o (4] No resaponse -

100 % 100 %

H
At age 13, "tha" was omitted from the third alternative,

"]

e

OVERLAF EXERCISE 11

13% difference in favor of age 17

{13: 7=7, 17: 3-5)

(also 241 and 34 9)

8kill in which of the following is most ussful in
scientific research?

Age 13 _Age 17
1% 1%
1
1 1
79 52
12 4
3 1
o o
100 % 100 %

Music

Magie
Marketing
Mathematica
Manufacturing

I don't knowa.

No rasponsa




OVERLAP EXERCISE 12
11 % difference in favor of age 17
(13: 7=2, 17: 8-11) (also 218 and 317)

Marcury can be enclosed in glass to make a thermomster
because marcury

Age 13 Age 17
11% 8% [«] is a metal.
8 a is more dense than glass.
19 11 o conducts heat better thanp
glass.
* = has a higher zpecific heat
a9 than glass.
2 * conducts slectricity better
than glass.
45 56 ] expands more than glass when
both are heated tegether.
14 11 a I don't know.
o] o No response
99 % 100 %

*A different fourth alternat.ve was presented at the
two ages.

OVERLAP EXERCISE 13
nce in favor of age 17
(13: 7-11, 17: -3} (also 204 and 302)

Which of the following would most clesaly represent a
balanced mealz R

Age 13 _Age 17
83 % 95 ¥ []
1 0 o
5 3 ] Fotatesa, ocatmeal, bread, and kananas
. f:; =K (ff'r e . =
L. aJLf ;E;z;;;b E%gg EEQ
- Pl = . =
3 1 o Poultry,
1 1 o Hamburger and coke
.o 2 o] I don't know.
a o No response
99 % 100 %

ERIC .

Aruitoxt provided by Eic:




OVERLAP EXERCISE 14
26% difference in faver ef young adults

agae 17 and Adule,
- overlaps with age 13 [Overlap ex

et

(17: 9=8, Adult: 7-22) (also 330 and 416)

On the average, in human females, the egg is released
how many days after menstruation begins?

Age -7 Adult
25% 12% a 2 days
12 12 a 9 days
29 85 [ ) 14 days
4 4 a 20 days
11 5 0 24 days
18 11 O ¥ don't know.
1 1 No rasponsé
100 % 100%
OVERLAP EXERCISE 15 OVERLAP EXERCISE 16
15% diffsrence in faver of young adults 14% difference in favor of young adules

. . . - {(17: 10-2, Adult: &-20} {(alsa 316 and 406)
{17+ 7=5, Adult: 1=13) (alse 323 and 413)
. . Which of the following acts as a stimulant to the heart?
The purpose of 2 fuse in an electric eircuit is

Age 17 Adult
Age 17 Adult - o
56 % 70 % & adrenaline
13 % B% o the current in B
13% 15 12 a  Aleohel
14 7 O to increase the voltage 2 1 O  Aspirin
across the circuit. E) 3 O Barbiturates
* 5 to decrease the electrical & 3 a Penicillin
resistance.
a
2 * to decrease the resistance 10 & o I don't know.
of the rouit. - B
s} 2 Ho response
* 64} @ to make the circuit safer. — S
49 * te prevent possible damage 29 % 100%
to the circuit.
2 1 [+] to raise the temperature of
the wires in the i t.
13 14 [+] I don'‘t know.
¢} o] Q NO response
100 % 99 %

*Alternative not given at this age level.

The arder of the alternatives at the Adult level may -
be meen in Exercise 413.

Q ] - 48
ERIC- - | 36
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OVERLAP EXERCISE 18

OVERIAP EXERCISE 17
. in favor of young adults

12% difforence in

]
N
U
[
e
(g2

(17: 11-10, Adult: 10-1) (alsoc 354 and 449)
(13:; 5=-12, 17: 8-1, Adult: 2-12) (alss 212, 305, and 403}

1 television program

(a) 1If you arn about a zcia
dealing with a acientific topie, Ao you wateh ie7? Information about which one of the following iz most important
in predieting weather?
Age 17 Adult
Age Age 1 Adult
17 ng * Gften Age 13 Age 17 Adult
* E 2% ] The available sup~
54 5 o Sometimas 1% 1% 2% a Th§ available sup
plies of water
9 & Never
19 13 @ e 1z E 3 [+] The daily extremes of
humidity
i 0 N -
. @ response 4 1 . 1 © The daily extremes of
101 % 100 % wind spaed
_ 17 £ 3 o The daily extremas of
= tempaerature
59 - 77 a5 #_ . The movement and
characteristics of
air masses
[<] 4 5 [a] I don't know.
o} [+} No response
99 % 101% 100 %

For Adults, the firzt and fourth alternatives were 1nior-
changed,

OVERL#~. EXERCIS2 19 2} . OVERLIAP EXERCIS 4
'4% difference in faver of yvoung adults

(17: 1=6., Adult: 1=17) (also 325 and 420) g {17: &-10, Adult: 3-16). ({alsc 320 and 415}
What is the function of the placenta in a pregnant human A motor boat can travel S5 miles per hour on a =till lake
I . © = - = - == i - -
female? If this koat travels downstream on a river that is
B flowing 5 milez per hour, how long will it take the
Age 17 Adult boat to reach a bridge that is 10 miles downstream?
5% L o To push the baby out at birth N
8 ) [+] To keep the baby warm and moist
- ] 13 % 11 0 15 min,
41 45 . To carry nourishmant to the ~ A
haby 16 o 30 min,
13 is o To cushion the baby against & 3 =] 45
shocks 54 56 ® 50w
5 4 O To keep the baby's body 4 3 a 75
temperature constant ) S
- - - e . 8 14 a I don't know.
27 27 a I don't know.
B 5] i Ho response
; a 1 No respanss —_— — Fe
y g 101 % 101 %
: 99 % L01%

i
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OVERLAF EXERCISE 21
No difference

(13: 13=21a5. 17: 14=12a5%, Adult:; 10-21a5)
(also 240, 348, and 445)
Piyot point

— Balanck beam

18 r7 - =0
i)

Balance pan

— T

The apparatus befors yo. is the same as. that shown in the
picture. This balance is balanced when the balance beam is
level as shown akove. The number by each mark on the beam
tells the number of inches that mark is from the pivot point,

{The apparatus also included 10-gram fishweights, a centimeter
ruler, and & block of woed 10 x 3 % 2 centimeters. Respondents

(e.g., sce Exercise 22). The following gue=ztion was
preceded by others which required them to make measu
which would assist them in answering it.)

ents

5. What is the density ~f the wood block? It is
grams per cubic centimeter. (An answer between .18
and .64 was scored correct.)
Age 13 Age 17 Adult
4 % 12 % 12 % Carrect
70 63 23 Incarrect
25 25 59 Ho rezponsc
29 % 100 % 100 %

1% diffsrence in favor of age 17

21lal, 17: 14=-12al, Adult: 10=21lal)
341, ana 4138)
Fivot point

. - Balancs besm
» —F v =
<4 o T g é;

Balance pan

T = —r
The apparatus before you i= the same as that shown in the
picture. This balanes is balanced when the balance beam is
level as szhown above. The number by each mark en the beam
tells the nu = of inches that mark is from the pivot pointa

l. FPlace one weight in the balance pan. How many inchas
from the pivét point is the hook on which you must hang

one weight to get balance? __{4)

Age 13 - _Age 17 Adult
64 34 75 % 74 % Correct
34 22 20 Incorrect
2 2 [ No response
100 % 99% 100 %

weights, one te place in the

The apparatus alse included f
halance pan, and another teo use to achieve balance. The
respondent was yiven 20 minutes to find the ar to this
invelving tha uma af the apparatus
tarcise 21).

and other qu
(zec Overl

OVERLAP EXERCISE 23

1% difference in faver of age 17
{17: 4=8, Adult: 2-22) (also 353 and 448)

United States scientists arc ihead of Bzientists in other
countries in every field of research.

Age 17 Adult
17 % 19% I believe this statement.
76 75 L I don‘t believe this .catement.
7 5 ] I den't know.
13 1 Ho response
io0% 100% B

QOVERLAP EXERCISE 24
3% differenze in favor of age 17

(17: 9-12, adult: 4-20) {alzo 319 and 418)

A S-pound rack is drep from a cliff 500 feet high. The
longer the rock falls, tho greateyr is its
Age 17 Adult
17 % 18% o
is 12 Q potential energy.
54 51 L} spied,
[«] total energy.
3 [«] volume.
3 8 £ I don't know.
o 1 Ne response
101 % 100 %



{L7: 5=3,

Which af

) OVERLAP EXERCISE 25
3% difference in favor of age 17
Adult: 2=14) ({(also 301 and 401)

the follewing groups of animals and plants

OVERLAF EXERCISE 26
4% difference in favor of age 17

{17: 1-3, ZAdult: 2-=15) {also 322 and 421)

If a person who ias a light eater has a tendency te be

would he found in a des~rt gommunity? averweight, it is most likely due te
Age 17 Adult Age 17 Adult
0% 1+ [} Grsund hogs, deer, oak, fern 1% 12 e} too much exercise.
N o Grizzly bears, buffaloes, 3 E| o} a carefully balanced diek,
fir, grass 20 22 o a \dency toward nervousness.
= rons, wate ilies .
0 o 0  bucks, herons, water lilies, 15 6 o  an excessive dosage of
cattails E Ao
vitamins.
0 S ~£igh, d a E . = : : i1s .
¢ 1 © iiir?l??;nitaﬁ oliars 49 45 @ Thighly efficisnt utilizatien
b. plank of food by the body.
o8 95 L ] Snakes, road runners, cactus,;
sagebrush 12 20 0 T don't hnow.
o 1 0 T don‘t know. 0 2 No response
0 1 No response 100 % 99 %
98 % 100%
For Adults, the fourth and fifth alternatives were inter-
changed.
OVERLAP EXERCISE 27 OVERLAP Q}ERCISE 28
5% difference in favor of ade 17 6% diffarence in favor of ages 17
{17: 8=6, Adulty 12) {also 309 and 409) (17: 5=5, Adult: 4=132) (alzo 308 and 408}

The idem of natural selection is usually associated with the

theory of evolution praposed by

_pge 17 Adult
88 % 631 % L] Charles Darwin.
3 z [+] Edward Jenner.
3 1 © Jesn Lamarck,
7 3 o Louis Pasteur.
1 0 a Jonas Salk.
13 30 o I don't know.
[+] 1l . Ho response

lo0% 100 %

ERIC

Aruitoxt provided by Eic:

39

Llectric current in a copper wire involves mainly the
movement of

An elec

.Age 17
5% <} copper atoms.
10 O - copper moleciles.
69 &3 [ ] alectrons.
3 1 Q neutrons.
2 1 o protons.
11 28 0 I don't know.
1 No response
100% 100%



OVERLAP EXERCIEE 29
6% difference in favor of 'age 17

{17: 7=-7, Adult: 1-14) (aiso 332 and 433)

Sgientists can determine the age of certain rocks and
their fossils by meamuring

Age 17 Adult

3% 4% =] their specific gravities.

18 22 ] thair orystalline structure.

22 17 ] the rate at which they have
eroded.

18 1o [+] the ratic of calcium to

phosphorus in them.
21 15 L4 the amountsz of uranium and
le=d they contain.

18 32 o I don't know.
[s] 0 No response
100 % 100 %
A

. Adult: 8=1i8)

Which of these has been
of the age of the oldast

OVERLAP EXERCISE 30

&% difference in favor of age 17

{(also 335 and 434)

d to obtain acourate estimates
wn roek strata?

_Adult -
22% o Radiocarbon dating
k] L} Urapnium = lead dating
3 ]
3 o
rateuy
22 [s} Correlation of age of foazils
contained in the strata
43 a I don't Know.
1. HNo response

OVERLAFP EXERCISE 31
7% difference in favor of age 17

(13: 13-2lecl, 17: 14-12a8l, Adulk; 10=2lci!
{also 237, 344, and 441)

BEtring

The apparatus bafers you is a pendulum. You have a watch
ar ¢leck also.
l. How long doss it take for the weight in the pan an the
end of the string to swing back and forth ten times?
seconds. (An answer between 11 and 15 seconds was
scored correct.)

Ags 13 Age 17 Adult
8% S6 % 42 % Correct
5& 41 39 Incorraect
& 3 12 No response
100 % lo0 % 100 %

O

ERIC . 5

Aruitoxt provided by Eic:

wm

£17: 5-14, Adult;: 4-14}

OVERLAF EXERCISE 32
8% differsnce in favor of age 17

{alsoc 346 and 444)

A particular cell is shaped like a cube. If all it: lines
dimensions were doubled, its volume would increass

_Adult
4% o] 3 times.
is ¢ 4 times,
g o 6 times.
25 [ ] 8 times.
16 o 16 times.
28 [+] I don't know,.
1 Ne rasponsa
101 %

H



1o

(17:

with the higher freguency will have the

differ

7=10, Adult: &-=19)}

_Age 17 Adult
14 % 2%
3 is
23 13
3z 22
7 4
21 42
[:] 1
lon % 99 %

For Adults,
interchanged.

P
=}

OVERIAF EXERCQIS
T in faver

33

£ age 17

(aleo 329 and 430)

[l

o ®

higher speed.

lower speed.

longer wavelsangth.

shorter waval

the first and second alternatives

OVERLAF EXERCISE 34

12% differcnce in favor of age 17

(17: 3-6, Adult; 5-20)

{also 328 and 431)

If the cells referred to were all in the same organism,
in which of the following is the amount of DNA present

stated corractly?

_Age 17 Adult
34% 21%

3 1

& &

3 1

10 2

45 67

o 1
101 29 %

o

It would be identical in mature
egg and sperm cellsa.

It would be identieal in aperm
cells and liver celils,

It would be identical in a
mature egg cell and a brain
call.

It would be half as much in a

thyroid cell as in a Liver

It would be half as much in the
fertilizad egy as in a thyroid
gland cell.

I don't know.

*'53 response

OVERLAP EXERCISE 35
15% difference in favor of Aga 17

(13: 8=14, 17: 4-7, Adult: 6-17)

{alses 243,

350, and 446)

Wenever scientists carefully measure any quantity many times,

they expect that

Ag= 13 Age 17

12% 19 % 25 %

2 2 1

4 e 2

(3] 72 57

3 13

o] o] 1
100% 89 % 99 %

ERIC

Aruitoxt provided by Eic:

all of the measure-
ments will he axactiy
the same.
only twe of the
measurements will be
exactly the same.
all but one of the
aaurements will be
exactly the same.
most of the measure-
ments will be close
but net exactly the
Bame,

I don’t know.

No response

41

OVERLAP EXERCISE 35

15% difference in faver of age 17
{also 306 and 417)

{17: 6-16, Adult: 3-7}

L)
g

-

hz following help to increase the total amount

11
of food available to the human race EXCERT

Age 17 JAdult

2% 2%
12 12
2 2
70 55
1o 17
4 10
1

100% 99 %

o3

o o

o ® 0

irrigating crops.

developing hybrids,

improving fertilizers.

outlawing the use of inzscticides,

cantrelling the growth of
undesirable plants.

I don't know.

Ho response




t
|
£
@
z

OVERLAP EXERCISE 37
ifference in favor of age 17

15%

{17: 3-4, Adult: B=15) (also 345 and 443)

A student made the foallawing statement, “Some carbon
atoms in the bread that I ate last nigyht might have once
been part of a dinosaur's body."

which of the following is the bast appraisal of the
student's statement? This statement

OVERLAP EXERCISE 38
16% difference in favor of age 17
Adult: 3-10) {(alse 342 and 440)

(17: 5-8,

In a particular meadew there are many rabbits that &at the

grass. There are slsc many hawks that eat the rabbits. Iast

year disaaze broke out among the rabbits and a great number

of them died. Which of the follewing prebably then ococurred?
_nge 17 Adult

4% 2% o] The grass died and the hawk
populatisn dsersased.

1 1 o The grass died and ths hawk
population increased.

&8 52 - The grass grew taller and the
hawk populstion decreased.

4 4 [+] The grass grew taller and the
hawk population increased.

20 30 e} Neither the grass neor the hawks
were affected by the death of
the rakbits.

2 io ] I don't know.
1 1 Ho response
L00 % 100 %

Aruitoxt provided by Eic:

Aga 17
&% =} contradicta the law of
conservation of matter.
2 5 Q is ridiculous because
dinosaurs lived ss long ago.

40 25 - ecould be true because atoms
are rarely created or
deatroyed.

24 33 ¢ gould be trus only if the
bread was grown in 2oil
containi dinosaur foasils.

.15 7 © could not possibly be true
becauss dinosaurs were animals
but wheat is a plant.

11 25 [+] I don't know.

o 1 No reaponse

98 % 98 %

For Adults, the third and fourth alternatives were intar=
changed.

. OVERLAP EXERCISE 39

} 18% diffarsnce in faver of age 17

(13: 7-8, 17: l=~1, Adult: 1=7) (almo 235,
In sach of five axperiments, two ochjects were weighed
four times - ach. Which experiment gives the strongest
evidence that object I weighs more than cbject IX?

_Age 13 Age 17 Adult object I Objeet IIX

62% 81 % 3% ® Experiment A 80 1b. 70 1lb.
Bl 1b. 63 1b.
80 1h. 71 1B,
B2 1b. 70 1b.
2 4 7 O Experiment B 69 1b. 81 1b.
71 1b. B2 1b.
70 1k 80 1b.
70 1b. BO 1b.
3 1 2 0 Expariment ¢ 70 1b. 80 lb.
75 1ib. 75 1b.
77 1b. 73 1b.
80 1lb. 70 1b.
3 1 2 O ExXperiment D 80 1b. 70 1b.
75 1b. 75 1b.
73 1b. 77 1b.
. 70 lb. a0 1b.
9 5 ] O ExXperiment E 86 1b.
79 1b.
78 lb.
77 1lb.
12 5 1s O I den't know,
2 2 3 No response
100% g% 101

b

OVER: AP EXERCISE 40
2%y difference in favor of age 17
8

H)  (alsa 311 and 426}

The salid, liguid, and daseous states of water differ in
which of the following ways?

Age 17 Adult
3% 1% a The number of protons per moleculs
1 [=] number of electrons per
molecule
4 3 o The net charge on the individual
molesules
5 2 o The number of neutrons per indi-
vidual meleculc
65 37 L 3 The average speed with which the
molecales are moving.
20 53 o} I don’'t know.
Q 2 N& rasponse
101 % 99 %



OVERIAP EXERCISE 41

Overlaps between ages 9 or 13 and Adult{Qverlap exercises
- ) 45% difference in faver of young adults

AT €o 49).

(9:2-10, Adult: 7-12) (also 152 and 435)

Why de very faw people get smallpox in the United States
? .

today
Ade 9 Adult
12 % 1% (=] The weather conditions have
changed.
50 o5 a Most people get smallpox
vaccinations.
N & a [} People move more often than
they used tc.
4 (¢} [+] Feople drink more milk today than
ever befare.
17 1 o All the germs that cause smallpox
have been killed.
11 1 =} I don't know.
o 1 No response
160 % 99 %

OVERIAP EXERCISE 43

OVERLAP EXERCISE 432
12% difference in favor of young adults

13% differance in faver of young adults

13: 9- Adult: 6- 8 4 4 . . .
(13: 9-7, adult 11) (also 228 and 425) (13: 6-10, Adult: 8-19) {also 217 and 412)
igiz:}iréfTiisacizgafiSh, ::: ffg{": in & rock outerep on a Most of the chemical energy of the gasbline burnad in a ear
hEaln. probably means < is not used to move the car but is shanged into
_Age 13 _pdule Age 13 adule
3% 4% =] fish onee lived on the mountais 24 % la% o slactricity.
3 1 o Fhé fg.}ah;ve humidity was once 48 &0 *
very high.
< 5 : P - 1 a [=]
26 39 [ 3 the mountain was raised up after
the fish dieqd. 8 4 2]
10 4 a fish used to be amphibians like 32 a4 Q
toads and frogs.
53 al <] the fossil fish was probably carried ie 1g o I don't knaw,
to the mountain by a great fleod. o 3 No response
5 1a o I don't know. 100% 100 %
[s] 1 No response
1004 - 100 % u For Acults, "converted® was used instead of "changed".

EI{IIC o h 55

Aruitoxt provided by Eic:




OVERLAF EXERCISE 44

12% difference favor of you adul ks

(13: 2=-9, Adult: 4=8) {also 239 and 442)

Which of the following graphe could show the average
height in inches of a group of children growing at a
normal rate plotted againat their age in years?

Agqe 13 Adult
le % & % o A
i4 9 o B
27 38 [ 4 c
is 18 Q o
10 2 =] E
16 ) [s] I don’t know.
3 Ns responsc
99 % 100 %
c
£
e
.:"’;‘)
Tas Al EE I IRIRERT]
Ao Frusry Arpe o Years A vin Yean
C
1 34 6 A ia a7 14

A i voan Ajer tit Fean

The curve of Graph C i slightly different at the Adult level,
& 1= -

but conveys tha sam

OVERLAP EXERCISE 45
1l% differance in favor of young adults

(13: 4-15, Adult: 5~19) (also 230 and 435)

A man netices that the point on one side of his house is not
lasting as well as the paint on the other sides. Which of
the following is the mosat likely cause?

Adult
1% G Tarmites
L] 2 [+] Cosmic rays
83 94 o Wind or sun
a o] [} Fallout from atom bombs
1 0 ] Sonic booms from low-flying jets
3 1 o I don't know.
o 1 Ho responsa
100% 98 %

OVERLAP EXERCISE 46
1%t differanse in faver aof young adules
{13 : 7=86, Adult: 7=11) (also 227 and 427)

In mammals, which of the following is the center of memory
and intelligence?

_Ags 13 Adult .
21% 27% o Cerebellum
26 36 - Cerebrum
i1 [ G . Medulla
1o 4 a

7 2 o
25 24 =}
T 1

O

RIC f 56

Aruitoxt provided by Eic: . . s

44

OVERLAP EXERCISE 47
8% diffarence in favor of young adults

{13: -2, Adult: B-19) (alsc 215 and 410)

Flower seads develop from

Age 13 _aanlt
2% « % Q leaves.
54 &2 L ] ovules.
is © 1o o petals.
1s e o roots.
& 4 =3 stems.
2 iz o I den'‘t know.
a 3 No response
101 % 29 %



4% difference
(l3i: 7-14, Adult:

OVERLAFP EXERCISE 48

2-20}

in favar of young adults

{(also 221 and 422)

Most caves are formed by the action of underground water on

{13: 3=13,

Adult:

9=20)

Which of the following is

cold water?

OVERIAF EXERCISE 49
12% differencea

in favor of age 13

(also 211 and 419)

true of hot water

as compared with

Age 13 Adult
10% 9% 0 granite. =13 _Adule
38 4z ® limestone. 9% &% © -
a 1 o pumice. 3 2 o It is easier to see through.
23 16 ° eandstone. 61 49 [ ] Its molecules are moving faster.
5 4 ° shale. =] 4 - 4] It has more free oxygen dissolved
in it.
18 29 o I don't know. 6 5 o] It has more free hydrogen dissolved
e} 1 No responss e
99 % 00 % 1z 3z o] I don't know,
[} Mo rcsponse .
100 % 99
.
1
H
i

ERIC

Aruitoxt provided by Eic:




3i
RESULTS FOR ALL RELEASED'EXERCISEg FQR FACH AGE

In the pages to follow 'ayarc;aas f@r aach aga level are
discussed. At each age level, it is useful to think: of
exercises in  three broad classes:  those answered ccrractly
- by most raapandanta (67-100%), those answered correctly by
-a good many raspgnﬂants-(34—66?), and those answered '
ecrractly by rather few. (O-?Sé), :

,Indlv1duala taking part. in tha assaaamanﬁ ara Dnly a .

aampla of Americans af their age. Parcaﬁtaga values raportad
',balaw are subjact to sampling error as well as’ some systematic -
errors. Many precautions were taken to minimize syatamat;c
errors,. and the’ aasaasment sample gize brlngs ‘random error

to accaptable levels. - However, the percentage values reperted
here must.be undars*ocd as estimates of what true value would
be found if it were pD sible to assess all U.S. raa;danta.of

a glvan age laval

The majorlty cf exarclaas discusaaé balaw are of tha multlpla—
‘choice type. Other éxercises, usually related to Objective
II, raqulre ablllty to manlpulata SCLentlflc apparatus and

~canduct small axparlment .

Still others. raqulra the student fa write a co;ract responsa
in several words or a sentence. If an exercise is NOT.of the
'multlpla—chalca typa it will ba mantlcnad whan it's discussed.




Age 9-

Objective I. Know the FUHdamental Facts and PrlnClEles
o ' of Sclenée :

-Ge eral Summary

The facts and prlﬁClPlES of science known to mgst S~ year Dld5
-evidently. have to. do with simple properties of matter (iron
cannot bhe burned in an grd;nary fire) or simple explanations
of commonplace phenamena (day and. night occur because the
earth rotates, soaklﬁg w1th water is the surest way *e put
out a wood flEE). : : :

A good many stear;aldb Know more complex facts. Ekerc1ses
wherae success % ed from 34% to 66% referred to sclentlflc
hypotheses (mGSL sclentlsts think the center of the earth is
very hot), dlgtlnCthhS which may be canfus1ng (the sun is a
star not a planet) -chemical reactions (a different substance
is formed when a candle burns), electrical polarity (how to
connact a flashl;ght bulb), and everyday living (how to dress
for a 45~degree day, 70 degrees 15 a comfortable temperature,
houseflies often carry disease). :

Questions which rather few 9~year-olds answered correctly
seemed to be exercises which offered false but plausible
alternatives..  Thus, a majority thought that coal is formed
from lava rather than from dead plants. A majority became
confused when numerical data (such as temperatures) were
‘introduced. . Most thought that mixing two portions of lquld
of different temperatures would result in an overall
-temperature  increase rather than a temperature somewhere
between the temperatures of the original portions. It was
difficult for them to say whether water, air, sawdust or mercury
is heaviest, assuming equal volumes, perhaps because the :
substance mercury -is unfamiliar.  Half of the g—yearaolds
selected water as the heav;est Subgtance.

When glven Nat;anal Assessmént exercises, most Qayear Oids
“;esponded cérrect]y ta exerclses on. the fDTIwang-

101. A human:babyfccmESffrcm its mcthér's_bady (92%).

. 102, A stick ne%dé té.he,ary’inrazae; to burn (32%),_

47



W

' 106.

109.

111.

103.

104.

105, -

1074

108.
110.
112.

114. .

S 115.

116.

120,

Nearly all rocks area SQlld (84/).

You bfﬁsh j@ﬁr teeﬁhrtc keep’them from decaying (91%),

Tron Géﬂﬁ@t be burned in an Qrainary fire (89%).

Bees" get thELE fQDd (ﬂectar) from flawers (88%);

”mhick dark clcuds generaély br;ng rain (87%).

Saak;ng with. water 15 a ggad way to put out a wood

*flre (87/)u

"Prétein“isrimpoftant té ﬁhé bui1§ing‘of musclé,(gs%)Q

@

Map‘read;ng: ‘AN ;sland ccmpletely surrcunded by
water (83%), :

Day and n;ght ococur because the earth rotates (81%) .
Acid should be handled caréfully (8@7).

Pine. trees stay green durlng the w;nter (80?).

Alllgatcrs are feund in swamps (797).

;To;§eé scmething;’light_must'reach one's eyés (79%) .

One kind of plant wh;ch ‘does not have green 1FaVEs

-'is ‘a mushroom (77?).

A burnlng candle when saalea in a glass jar goes out_

(757).

Anlmals hide from other prédata:y animals in. several

rbways (74%) -

Llft;ﬂg a zﬂvpound weight 2 feet is'ﬁorerwggk than

: llftng the same walght 1 foot ‘or a 10-pound weight
2 feet (737). ' " L .

‘A mcv;ng blcck strlk;ng a mQtléﬁléSS block will cause
the latter to move away from the first block (70?).

60



E

Sl21. The: sun is séen DnTy durlng daytlme because ‘the
: earth is- turnlng (7@?) —

122, - Honeybees are more beneficial to man than are llce

1ccusts , Oor termites (69%). R : S

A gccé’many 9=y3ar—clds (34 66%4) resganded ﬁcrrectly tg
exercises whlhh requlred them to kncw:

123-  Sclentlsts study fosslls to 1earn what animals llved
lgng ago (62%). : :

124, How to prcperlv connect a bulb to a flashllght
battery (Elé). » X

;25,_f Most land DLants get most cﬂ thelr water dlrectlv frqm the .
g soil (59%)\‘ . S : : -
- S e . \
. . - ! i
- 126. Most scientists think  the center Df the earth 15 very
hot (58/).'_’ R . ' . o : S

2 o

127. That the sun’ and a penny are both made of atoms (57%) .
\ .

128. The sun iS a star4(52%)_ _ _' DR ‘ k

129. How to dress prcperly for sunny 45 degree w&ather\

(527)-
130. -~ A schcal room is mast chfDrtable at about 70 degreés
' F (52?)_ CoL :
131. Cactus plants su1v1vé on the desert because they lose
T ' 1;ttla water thraugh their leaves (49%).
" 132. A dlfferént substance is' formed: from a candle wnen
it burns (46%).
133, In a sc1ent1f1c ‘gtudy all ccnd{ticns other than those
" being Purpasely manlpulatea shauld be kept caﬁstant -
(44/)- .

. I > L . . 7 N . . : ) . \
134 .. ,Houseflieg-can spread serious human disease (44%).

T



‘135. A rock bfaken into thrée pieces ra;ses the water in
=y c@ntalner as ‘much as the whcle rcck did (36?;

£

136. - All matte$ takes up space {?5%).
.137;. A guart Df marchy welqp mGrF than a quart of alr,

sawdust, ‘or water (35%):" 48/ of those making a

:chalce Sﬁlecté& water as tue h9@v1est oE. the l;sted
materlals. T :
138. h After a cclﬂ'front'Passes; it is common Ea_ha?e
‘ ‘ cleafinq skiés (3¢%Lii" . : -1 . . '

gWhen given National ASSéssment exarc;se%, rather few 9= ‘
g yearaclds ?espcnded ccrrectly to exerc1ses on- the fcllcw;ngf

\ . :

, 139j © Rock” cannét\lndaflnltaly be broken into. smaller ahd}
e smallar pleces and Stlll be rock (27A). - o -
4—14‘(3- -C;"Qal 15 formea f::c::-m deaﬂ plants. (157\ Over half

of the respsndents (56%) chase "1ava frcm volcanﬁes
as ‘the” source of.coal. ; - : .
. ' : N : ” : ' :
141.'_'The mixing of equal quantltles of water aﬁ 70 degreez
" . ¢ and water at 50 degrees F yields a mlxtu:e which is

at 60. dégfeeg F (7%). Over two—thirds §69%) of the -

respindents thought ‘+hat the resultlng waﬁld have a

temperature of 120 Segrees F. - s

ERIC e BEe se IR
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EXERCISE 101~ :
¢ . =! -
(9: .5-13) (overlaps BExereise 201) o |
human baby come £rom? .
- - i £ -
1% 0 The =stork brings the baby- . N, o e '
"92 . ® " The baby comes from its mother's body. 1 o '
L3 @ The doctor gives the baby to Ehe rm:thgr- a3 < ses that it is dry.
1 0 The father buys ‘the baby for the mat‘her 4 o cover it witi dirt. .
7'{55{2 " & The hospital keeps many hableg and the . : . )
- mother hicka one cut. i 1 o I dbn't know.
) ) . . MNo- response
1 O I don't knaw. - . A N '
K - “
. No response’ - ’ e -
N . B N = . . - " . . N = )
E Nm: administerad to the ip=~schobl sample . j.ﬁ one Southesastern . ‘ o / - : '
-gounty and one Socutheastarn ity at thn Eequest of state (=} ) _I - . :
local aL\EhOElEiEE— . W .. . . . L. - R B ;
N - 7 - /
- - 4 ;
= - ﬁ . -
. L N . .
1 . ' o - - I ~
-
- N * \
R ’ ’ B =
R o T — T — e —— —
- . ‘. . - 3 -
EXERCISE 103~ : * EXERCISE 104
(9: 5=€) (ovarlaps Exesrcise 202) : - : (9: 6-13) =~ - -
R - . - F - - . .
L .o - a« ’ . o n .- s s 5 e '
Faf which of the fo llowing reasons should ‘you brush : All of the following can be burned in a fireplace EXCEPT .
yéur teeth? . * . . . - -
S . R ’ B _Age 9 Tt
e . . A . o — . )
i —M ' L . ) 89 - iron. .
; 2% Q({’ .Ta,sf.t‘aighf;éﬂ gour t:eef'h - ) . L 2 o Lesves. : X -
2 0 To mui™ your te_éth harder o A' S ) 2 o papear:
1 O Ts make yourn sharper o . _ & o wood . B
2 = © TS6 helg your grow larger . . ) . - - i
a1 ® To help keep your tieth Erom decaying - 0 .o © I don't know. . ) . )
. . - B ’ 2 No response =
1 .0 I don't krow. . - i —_—— . . :
e - 1oo% . .
Np regsponsc .
@9 % . ) T -
= . ' ¥ =
Y = Y - .
. - . : < .
# - ) 3
. . < . I ) - i . .
e ’ 2 . ° B
i s N * ' . « - "

i
H JAFunText provided by enic . R . B ) R . . .



1 =
- e 3 H ) et - .
EXERCISE 105 . . EXERCISE 106
T (9: 8-15) ) {(9: B8-10) (similar to Excrcise 203)
' Beas go- kO flowprs "in srder to : -~ ! ) on ‘a summer day, which of the following clouds is
z.\agﬂ "37 . - mast ].i}:.c,l}? te bring rainF’ i
' . 3% © see the flowers. 77 : LAge 9
6 ‘o smell the flowsrs.. 2% O Thin f£luffy clouds
an & get nectar for food. 2 o R =lauads at sunset
2 o hide £rom the wind and rain. a7 @ Thick dark-gray clouds L. .
L B o 7 - ‘6 ‘clouds that look like whitse sheep
i 1 o T don't Enow. . . : . . Ty E - R .
s} No response E 0 I don't know.
" : 100% * i o Ho ,:és.p«fm_s.:' -
_ ! “ - 100 % ” .
- i - N . L
,! LN ) =
. N - . -
L . )
£
3 - o
— = - - N - N - . )
" - . . - .
EXERCISE 107 EXERCISE 108 =
(9r 8-6) - : (9: 2=2) '
put out 3 fire of ‘wood stigks 'is te Which of. th'e’ following is mest’ important if bui-
N 9 5,
g o . . . _Agn 9 -
- 4% (=] £an the fire. _ -
. a7 ‘s - smoak the wood with water. : 4% o Fat
L4 a put mome dry gyass on the Ffire. 85 4 pretain - :
. 3 o put some smaller sticks on Ehé.)_’file. 2 Q . salt’ N
. . 2 o] Starch
2 o i don't know.’ . [} Sugar
o No responfe :
& I don't kndw. :
) " 5] No responsc
.
f . ) 7 = = i .
. i .
] i - ﬁ“'t
ERIC 7 . 64 ' ‘
ERIC .- - 64, -2 . 3



Wy,

= - o
EXERCISE 109 R .
=0 B
5% c  gas..
& ‘@ " liguid, ’
84 & solid: -
4 o T don't know.
2] He response . -
{9: 7-2)
- wWhich ofj‘-tlje letterz on th> mai:» above is on an island?
- - Age 9 ' .
= 7% =] A -
' 4 o B
e 1 o ¢
h 83 ‘'® D
. o 3 t [ I ficm!'t;l know.
F Ho response
100%
: . % .
__ M ——— e _ R _ _
. * . f ; - - = e e
: EXERCISE - 111 . ) ) - ) EXERCISE 112
: 7-9) - } . ) ICH 3-11) . N

& réason that there

Age

9.
%

Hom

FRIC "

Aruitoxt provided by Eric

0 80O

is day and-night on Barth js that the

Sun turns.-

Moon turns. '
N

Earth turne. -
Sun gets dark at night.

If y¥5u see a
Age 9
1%
3
8o
3
Lo

.
& .
bottle labeled ACID, you should

° -
o

Py

(=]

o~ | po

[=] I don’t Know. -

Ne reasponse

»



. A 3;
B =
» * £y
. EXERCISE 113 . s .+ EXERCISE 114
(9 7-8) ’ R {9z 4-=13) [
which of these traes Etaj{s:lgféan in the United States du’ One iz mest likely ko find:an sl]{_ gator in’ . . —
N . = ' N N Agae = v *
the winter? Age 9 ,
s . - 79% L] a swamp.
Age 9 ' i 3 o the woods.
4% . o Apple . - 3 ©  the desert.
7 L : 3 ="
o =Elm 13 o a cold lake.
] 3 o. Maple JRV
. 80 & ~Pine . [+] I den't know.
' . ) "o No response .
4 o I don't know. . - =
[s] . ., Mo response 29%
101 % '
;
1 h
. . g
) Bl :
-t_‘r . R ® N .
f
- -
' * G\‘,
: i)
_ - , I - - - - -
—a 5
:
. EXERGISE 115 - I )
(9: 6-~12) . (9: 3=7)
For, you to see sumething, what mast reach youx ocya2s8? Which ©f these plants dces NOT. have green leaves?
_Age 9 *_Age 9 ;
7% - & 9% [s] A dandelion N
3 ) "7 ] graws
3 o 77 [ ] A mushroom -
i3 o Hothing [ “ 5 =} A willow trec
2 o I doa't know. . 2 : a I don't know.
) Ho responss ) 1 Yo response ~
101 %
= - - - - . — . 3 - -
= = ?(,-'
— — =
=3 . L B
- = i
- s ‘ -
O : - .
- ¥ °




. - BTN ~ B
7 - EXE : 1
EXERCISE 117 ) EXERCISE 118
(9: 5-2) ' {9: 1l0-22) "
~If a iid is put on a jar in whieh a ¢andle i= buining, wha.t: How .,‘jé some animals hide ‘ffa_m other animals? )
happens? . . M &
Ags 9 T : .
3% o The candle breaks. T N - -
i L O The candle gets longer’ — = = - ——
16 [=] candle burns faster. ' " - - _ _ R .
75 - candle flame goes lilu,i.‘:;_ .
4 e I don‘t know. o - _— L.
0 . Nc':espf’:\nsg
99 % F ff’:tfént.;'age . ) '
B -  Receiving ¥
: _Points _Points
x T 1a
| I R
. To he counted as responding ’B\_\éceasfull;’, a student must
) have reseived ze least 2 p\:ri ta.
- i} . L. - T o
i 3] ‘% succaasful_ s
O X
. . L i . S
= 1 {continued. on next i:age)
[
v
EXERCISE. 113, - ) EXERCISE 119
(eontinued)™ L T . . R
. . - (9: 1-15)
(9: 10-22) o ; .
: = Which of these tasks would take the most work?
Pn:l.nt,s ware given aeeardiﬁ ‘to the method belew: :
5 ot o et e At 2 e 1e 5 * .
2 points for mentiening p;‘atagt;.’ve Eﬂllﬁrhtlﬂn Lifting a l0-pound weight 1 foot
2 pointas for'mentisning "protective shapesa, " inecluding R . . - nd weight 1. foot
behavior such as that of an opossum . : . L}ftlng_ @ 20-pound, weigh toot
. . . . . . f.if 10-pound weig at
1 points for mentiening lgeatiéns for hidiﬁg . Llft'h?g' a e P‘:“im" weicht 2 f,é
* - Liftd 20<-pofind wa et
(a point each for any 4 raasﬁnablei enes) . - Lifting a 20 p:canm;l welght 2 fe
j(.t)polint: for lacation ragardless Qf adgecuvg preceqjlng 4 o I don't know,- el
(1 point for “getting bahind :gqmééhihg" if this apgaars . . o He response ) ' -
zlona) T - 99 2% . ) -
(1 point far a given la:;atian zagard;esa af prepgmi tisen |, © . >
precedlng loeation; a.g., 5 . B
N - #
in bush . °
behingd bugb s . i : e - ’ .
under bush. - is given one peint in total B . i
beside bush : N
' wooda would eacdh get one point even thou ! <
bushes - ‘similar . ’ = ‘
ahrihs . . . i e e N
pe:unt for "flight" regardlesa of term or ‘terms push as - .
running, . £lying, . leaping, éwimmin‘e.j" uzed . /;
o p&inta fe:x; @ .illirg other animals*™ . o = ra N
& - extra p:»;ﬂta for examP;ea af animals that hiae in a cartain . "
Y- ' : B
. 7 [ i >
z = \ - .
¥ . . .
S : o, : .
o - P 55 . ]
ERIC . 5 :
e rovissdir rc I ' . . ' ’ o
. : : = | -



I8F 120

=, ot JJIW
-7

—~Stringe —

(s

EXERCISE 121 e
1-10)

You can see the Sun only in the daytime because

_Age 9 , e -
70 % & the Barth is turning.
=3 o gé@élg ‘Blesp at n1§l1tg
3 o there are more eclouds at night.
22 o y '

_the Sun shiness anly

I don't khow.

N 12
N H Hlock 2 No response
Block 2, which of the
- W .
N '
- . i
fal Bleek 2 will not meove at all. i = LN
. e _ . -
g o Block 2 will swing ©ff to the left. -’ .. _
io & Block 2 wilﬁj.ng off to the right.
4 . o The =mtring |holding Blosk 2 will break.
[« I don't kno 7 -t » -
G Mo responsd ™ 7
99%
i . - i
{ - *31
- Q‘ 2 5 -
- . .
. - s
o i B JE— -
z . . N
EJfEE:C.’ISE 122 - R . EXERCISE 123 . .
Y @ .
{o: 1-8} - : . (9: 3-15) - Co- . . .
! wWhich of the folloWirig insSects are most helpf\;i to man? What can EElént;igE'?“ learn by ‘Etﬁd?ng some fgssils‘f‘ [
. ; : . . L
ge © i . i A ) i B -"’.,
69% ] Honeybasa ) why earthlguakes took pl
8 « O Lir_‘er v : - "What animals _l;;véé léng ‘ago
7 © rLocuats o ) How £ar the Meon is from Earth
] =] Tarmitos i what' the weather will he-;tmqrra:wk
2 0 I don’t know. : " L 5
o He responss . -0
) i 100%
. - .
. 4, * i
. ’ . - /
. . . -
N x = - .
L. - = 4 - .
: P . ) . . . ;
. ¥ ' - )
. .
v [ _
. . ] e
o S T < I f=




EXERCISE

124

(9:

6=14

Most'land plants get m

of the following? . -

ost ‘'of their water directly from.

which

Age 9
2% ©  Animals
3 "o Other plants i
33 o Rivers . A
i o 59 & The ssil
Flashlight i . .
Battery - . ) o Lo .
. : 2, [=] I don‘t know.
o 1 e réaponas
100%
{9:-6-15)
Jane wrapped the end of a piece of wire arcund thes base of a
flashlight bulb. When she. v @f the bulb to ;
the center of the top of a new battery, the bhulk did not 1 -
light.’ what should Jane d¢ next .to light the bulb? *
Touch the end ef the wire to the bulb. N
_Put the end, of the wire in a ‘drop of .watér.
Toush the bulb to the bottom of tha battery-. ; ' .
Touch the ¢nd of the wire to the bottem of. .
"the bz stery, . s
I don't know.
1 No response ) . . R
100.%¢ A . )
. 3 | -
T
—n s - e g
o = — Nl g i . — — S — —
\ — & ‘ -
B .- B .
' EXERCISE 126 | o - EXERCISE 127 :
. . , R i . ;
(93 2-12)- {91 2=-11)
'Most scientiste think that thé"::é:;te;- af thea rth is very - Thesuﬁ'aﬁd a penny are alike in which of the following \-ra'ya?
5. A ¥ ge 9 - B .
3% o oold. 5% O  Both weigh the same. . -
- . - = R . v -
- 8 o dusty. - 57 . Both are made of -atoms. -
sg ® hot, . 14 ©  Both are made of matals. }
-3 o rmuddy . : * - 9 o] Both are at the BRama Eem?éfatur‘é;
5 o I don't Wnow.’ : A 14 o .- I'don't know. -~ ’
i Ho rgsp"o’;xse- ’ ’ . ‘o No response . - T
- 108 . X 99 % N
- T . . - - '
. o " ) - :
e - R .
ves ar -
é } - -
E = - =
Y , ] - 2
’ -
- < .\ = *
/ : ' - ’ -
- T ; . ) )
4 i - ! . o0 ] s
, - 7 i : -~ R . o - . B} - ) R
L o - T . . ) . N T e -
o - A . 57 : TeeT ' i
; B - N .
S o ) - L . i
S . R A a A




._r
EXERCISE 129 EXERCISE 129 .
(9: 6-4) - . o, . (9: 7-14) .
our Sun is a It is sunny,. there is little wind, and a thermometer outdoors
S 4 in =he shade looks like the plcture below. -
[ : .
- a -
16 o solar system. - - .
. 2 & StBr. ' 3
s o - I don't know. R
1 i Ho response s .
1% -
) e . . How should you dress to
. . | How 85 :
- e Pas 2 - -
- 6% O ¢ a
is =) Just wear your indeor elothes,’
. ) 52 - @ P}.\c on a sweater or li'ght; cpat over your
. s indoor clothes. i
: 25 . © Put on a heavy coat, muffler, wool cap, and
boots over your indoor clethed.
3 ©0 I don't know.
. [+] ) No féspénse )
. P .. k
#
99 9
i - R .
»
Q
i o - - — i — - - — y = = = =
~ . , i
=~ R .
i EXERCISE 13¢ ' EXERCISE 131, :
{9: 5-4} (similar to Exercise 205) {9: 1~4) ) 7
.The tampe;aturé‘ £hat is thought moat comfortable for B caétua. plants can live 4in the d’es%rt becauss
a scghoslroom is abgut - : - . . . . . st
BN B o they are all very large.
i=] . N .
4Oﬁ oS . <" 4 [<] thay have. large flowersa.
) 56‘;_‘ Fahrenhelt. 49 L] thay,lagé ;;t;:ié water through leaves.
-,,70, Fah?.‘enhe;t_;\. 24 © there are ne animals in the desart to eat
90° rahrenhait. them. . L. : -
00° Fahrenheit. . . E
- . . : - 11 o I don't know. .
B O T fon't know. . - NO responas’ ;
o No respones - . e ™
101 % \ ,
; .
M v
. . v.o- )
i . P .
- : . N - .
\‘1 - L] 58 ’ " o . E
ERIC e : 707 %8 ; S
) N | E . . 3




(93 1=3) a5

. A difforent auhs

-7

EXERCISE 132

tance iz formed when

(2: 2=13)

n wanted to find out whether plants can grow hetter '
the dark or in the light., He put a pot with 6 radizh
eds in a dark room and a pot with & bean seeds on

5 ) . the window sill. -
12% o] cloth is cut.. . R
1z O a cup breaks. B _
46 L ] a ;zanal:: burns.
¥ . =light
13 o a piece of chalk falls apart. ﬁ s
‘. e besn seads
16 [} I don't know. . . -
o No fég;éﬁge - : . - .
—_— : = He added the same amount ¢f water te both pota.. The
29% ) bean seeds grew better tham-the rad
. . said his plants grow best in the lig
To be able to say this. he should have
) 2 -
. _Aga 9 . =
) 14% O, watered both pols nore. .
: - i is o] watered the radish sceds more. .
2 44 Te - put tha samc kind of seeds in both pots.
. 12 P (] grown the saeds in water instead of soil.
A B 1s o I don't know.' -
| o : No response
100 %
v =
I; ——— — ——— - S————— S S——— S——;
- 7 E . -
RN . T . . - h -
EXERCISE 134 : . - . EXTRCISE¥135 . .
(9: 2-4) (2: 2-9) -
following insects spread saricus human .

44

ceo 0

&
o]

ERIC

BN A ext Provided by ERIC

- ‘Ants R *

I-lphegbees.
Houssflies
Motha® -

I don't know.
_Ho response -

~=—Lina ’
= Wg‘af
o — Reck

When a rock is put into a paill of water, the v r
up to tha line as the pieture above shows. If the rod
iz broken into three pisces, which of the following .
pi¢tures shows how high the water ies? .

»

R
‘B =—Lina
=) .
o
B v
a9 - © I don't know. ° . . B
1 Neo response )
2% T ]
TR . . B
- ' AR %
N B - = - .

Line




the féllcﬁing‘l iz true of all matter?

- ae L]
i0 o
23 [+]
‘0
100 %
—
i

EXERCISE 136

It has & shins.

It hag no taste.

It. takas up spacaa.

It hus_a sguara szhapa.

"I don't knaw.

Ho rasponsa . -

{(9: 3

=14)

@
<2}
-

EXERCI L37 .

A duart of which of the following would weigh: the mogt?

[T VI T +)

Alr
-Meroury

Sawdust

wWater

I don't know.

No ressponsa

(2: 1=17)

Boon after a <o
nd

expects to £4

34 %

AS-1-3

PAruntext provided by enic [

EXERCISE 138

1d front-has passed over St. Louis, one
in St. louis L. ’

-, .

clea:ing skiern.

100. = mile = an - 'hmu.- winds.
Low af-ﬁﬁg?hgris? gressure,
the atart of a 3 ’— i;l?,y aBNowa. .

‘I ‘aon‘t know.

No rasponse -

7

(92: 4=11)

 EXERGISE 139

ceuld a8 sock ba broken intu smaller and smallerxr pgecea
forsver and ztill be roek? .

_hge 8@ - =~
25% o Yen, because most rockas are madd up of
- . - Beveral thinga.
N 15 [a) Yés, because thers is no smlle;t piece
L. af rocks .
.27 & Ho, because you would finally get to atoms.
23 o ; because rocks are very hard. ’
o I don’ En;lw.

——-—No rsaponse’

e e e




(9: 5=5)

Coal is formed from

Afge 9
15%

14
5
Y-

s
4]
o

dead §lan;s.

sand and mud.

tiny sea animals.
lava frum voléanaé;,

I don't Know.
Ho response

T

EXERCISE 131

(9x 7-5) . ' Y
B Y
A pint of water at a toemparatura of 50° Fahrenheif)is

fmixed with a pint of water at 70° Fahrenheit, The
ing will ba

témparatufa_af the water just after mi
about ]
Adge 9 ' -
4% o. 20°F, .
2 o 50° ¥,
7 e &o” rp.
5 o 709 F. -
69 o 120° F,
: o )
1z o X don't knpw,
+] ;‘ No response
B 29 %
. \
i
.
;




i
i

Objective II.

1
|

to rg@géfim

Geﬁe:alrsumma;yﬁ
In extending scientific law
in familiar ang novel situa
point of water under severa

relatively abstract notion

‘scientific inquiry. Relati

easier.

Most foeafsalds could:

Age 9 . .

e
I

JPésJess the Abilities ang Skills Needed

the Processes of Science

B . A . )
S.and principles to occurrences -
tions (rec@gnizing the freezing
1!circumstancesi};grrcrs waere

cf'vaiidating-mechaﬁismsrin
vely concrete exercises were
. _ ]

, ) o :

; Co [

' Lo
: i
\ : A

t

142, Balancé one weight by?hanging_a ééécpd WEight on a

beam balancé (926%) .

-

\

143. '“Balance two ﬁeights by hanging a thirg weight on él_
’ beamibalance~194%)ﬁ'_' : o :

&

144.  Select the leaf thatrgives off most water, knowing .

that big leaves give

"of £ méstiwater-fsg%)_

ting the weights of several elements

145, Given a table listin

in the human body, choose the mcstﬁcﬁmmcn_elemeht (sxygén)
(80%). (See" Exercise 150 for a question gimilar to . .

this one.)

"146. ' Analyze wha& ﬁeeds'tcfbgrinvestiéated to ccpe_with a
.wslo'ly'flattening bicycle tire (72%). . Lo

When presented with the fol
could: - S
ks

D . = - ) .
F ' . . . = - \..

lowing, a gooad many Qayéarﬁalds

14?. Zchgoséjtﬁe.best.wéy oféveriffinﬁzépmeane‘s fecipa for

- making salt-water taffy (66%). -

l48. cgﬁélﬁae-frpﬁ a'table-ofgdaﬁa the,féctVthatfyqﬂng’péopléf'
generally,braath‘faste:'théh-Ql&er pPeople - (66%) .. - .

i

a - . * . . -
Ta 62 i.



;‘%
149, Reacdl a table of data show;ng temperaturas at
dlfferent “times (63A). o R
- 150. Given a table listing the weights of ‘several elements
. in the human bcdy, choose the least common element™
. o (54?)- ya o o o -
k 151. Given - information showing the he;ght of a plant at
: successive weeks, selsct the ‘graph which accurataly
o dlsplays the growth of the plaﬁt (51%) . . ‘ -
; ; .
{ . .
. 152. Recagnlze vacclnatlcn as the reason that so few écplé
¥ - get smallpox (50%). . : :
E . 153. Identlfy a reasonable explaﬁatlcn as tc‘why water does
/ . not come out of a faucet (35f). s B
Rather few 9—yearsclds=
,6 . ‘ . .
" 154. - Were able to infer that wuter would freeze at 32
dagreeas F when glven “the fact that ice mélts at
32 degrees F (l??). - L
e . /..‘ L Cu . ".‘j"
; ,
;o S .
~ e - -
L
. V;J
. | _{;;’x ! fﬁ’ 5 8y \
e . _)j{f' L
) . “ » fj/f . 2
. o
. /k
"/
) : /. - .
: r : A ;
: =3 B e -- k ) z‘/?. ')
- _ /- i
o - 7 N
v
= ) : 7
75 :
63 _ -/
. L /”, \\ \\




11-233)

7 EXERCISE 142

wh}.;h 0f the £ 11mmg leaves

89 %

R . N .
2 :
.
3 o . .
., e
. .0 E don't know. ’ .
No ?gs?éiae . *
; . 7

ERIC .. .

PR A i Text provided by eric I8

in a 100 pound Human
Caleiu 2

pounds
carbo) 18. pounds
Hydrodgen 10 pcunds
oxygen 64 pounds
Phosphorus* ‘14 ounces
Sodium ' 2 ogunces
'si.i,lfur ] 4 ounces

B. From tne
‘the GREATEST
Ag‘ s 9 -
2%
2

4
.80
4

chart ahévg, which r:.hemiv:al ElErﬂéﬁt is

amaunt in the bﬁdy’

.y -

0" calcium

o l;égb@n.

&  uyaroges
® Oxygen

o FHosphorus

o I 'don't Know.

Ho response

t9: ; (9: 11-238), Ces
B . : |
Pivot peint : Pivot point . i ‘\
Fgalan;e beam f,\,‘—-galanca beam
: B TE F3 R ) N S | B S S - 3 M} AN 7 S
J 5 £ T ~ & ¥ ' B
* -
.
| — = - 3 — SN, " ]
We want you to use this halance. The pivob paint is g}%‘g We want ysu to use this balance. _The piwvot point is the
nail.” The balance beam is the piece.of metal which can ~ail. 'The balance beam is the piece of metal which ean
turn on the. plvct point heam i1s level when :rn on the pivet pbint. The balanee beam is level when
- nothing The number By each nothing is hanging from its hooks. The number by each
. hook on af inches: that hook heek on the heam tella the numbar of inches that hook
iz from the p;vcst Pant - is from the pivot point. -
b A. Hang ong weight .4 indhds left of the:pivet ‘point. The B. . lang ‘two weights 4 inches left of e pivot point, The
: beam iz not level noW. Hang a secon eight 50 that the . _ beam is not level now. Hang a third weight so that .the beam
beam is-level again. Try to balance the beam on your . beam iz level again. Try to balance: the.beam on yaur
fu:st try, but keep t¥ying until ‘the beam is level. £irst try, 't keep trying until the beam iz level.
w‘he:e did you hang thé second weight?’ o {4) B Where did yo. hang the third weight?: 8
) Acceptable 94 X%,. B Acceptable
Unaccaptable 3 Unacceptable
No response \, Ho resaponse <
B , £ - I
@ . ' \
= ’ ) - \\ =
. . ) . -
- \\ . 4 ?1
. - . ~
. EXERCISE 145
EXERCISE 144 s s
. , (8: 2-2) ) . . F~-178) rSLmilar to Exé reige 229)
Big leaves usually give off mor = - —=
Weigh of some Chemieal Elements .




"EXERCISE 146

(as 2-1) ' T ’ '

John has a £flat tire on his bicycle.
up wlth an axr pump and begins to ride,

He pumps the tire
Tn a few minutes
To fix his tire, John must find

kind of candy.

Try to mix salt,

EXERCISE 147

S-‘;m'l‘ec:ne said that if you mix salt and sugar wit'h watar
and let the mixture stand you get salt-water taffy==a
Which of the following would be the
best way for you to test this idesa?

Take a vote among your friends.
Buy some salt—water taff’y and =mees if
it has salt in i%.

Find out if salt and suga*‘ have the
gama chemieals in them.

Grind up some salt—water taffy teo saa
if you get =alt, sugsr, and water.
sugar, and water, let
and zee what happen

them stand,

71 den't knew.

HNo res, nse.

{9

1e% o a petter air pump,
3, [« »?]et’her the tire is made of rubbar.
72 ‘e /yhere the air leaks out of EF'E £ire,
3 o hew many minutes it takes thc tire to
go flat.
4 9, I don't know.
1. / " Mo response c T
s9% '/
o )
//
/-
. .
EXERCISE. 148
7-13) * .. -

A coctor kept records of breathing rates of people when

they were resting. C

,\)

E

RIC.

He malﬂe the chart below

. BREATHING RATES .
Person ’ )
Baby boys - iy . . Sg

’ 7 -yra. -t;ld gifl‘s . V 25
7 -yr. —old boya '_ - 25 °

“10 —ve. —old boys - ' .20 B
Hoths i 16 o )

chart suggesta' that .

ycunger peaple. -
66 yr:uﬁgéf people - breathe faEEer t‘han IR
olde:; peﬂple.
6 O I don't knaw.
o : Np lresponse ' C - oo
100% ' .

: uilToxt Provided by nic [N

i boya bigathe fa&er than gi;‘ls., .
-] g’ir;s h;eathe faster than boys.
[+] aldér peapls hreathe faster than

3 Q
" 13 a
7 o
& ° Q
" 66 L]
.5 [}
(4]
too%
'
-
N
£
{91 6=6)

o

John tedk the cutmide t
an? at night fer two day

Day
= -
Tuasday-

wEdnesdag

'When was the temperature h:\.ghe’ft?

A37379
13 %
Cg

o
W
cec

-
)

w
.9

N

EXERCISE 149

Morning

199F°

209F

‘Pyesday morning o R

5 ';l‘uesﬂay noon

Wednesday morping

Wednesday noon ’ T .,
I don't know.

Ho, response



EXERCISE 150 ' EXERCISE 151
(9: 7=17A) (similar to Exérciwc 231)
Weights of sqme chemical alem&nts way: it is 1 ineh higl;a. N
Found in a 100 pound Human is 2 The third week it is
Caleium . 2 pounds . 4 1nches' high., Which.of
Carbon I8 pounds : growth?
Hydrogen 10 pounds - . ) -
Oxygen - 64 pounds - : SR R - A : - B
Phosphorug 14. cunces’ . . . . 5 ¢ : 5 =
Sodiur 2 ocunces ’ B - 3
. Sulfur 4 ounces - ; li] : ¥
— - o 3 = K e B S
A F:‘Dm Ehe chart above, whxch qE the Eellawlhg chemical -~ Inchas - lnches 5
elements is found in the SMALLEST amount in the body? -2 B T 1 -
R - _ 1 ;
_hge 3, : . L . .
4% ©0 Caleium . ' : ; [s) 2 3 4 o 1 2 3 4
5 g . Carben i ’ . B Weaeaks
a o Hydrogen e X . . [ : D
54 ® Sodium . i A . 5 T -5 -T= -
7 ©  sulfur : ’ ) 4 a 4 -
) : . . 3 B i 3 )
ER A« I don't know. . . Inches al Inchez 2
- o o . -
_ i Ho response . 1 : T o
O % - _
‘;o,x; . ) rere 9 o 1 2 3 a 0 1 2 3 4 .
? . . . -
A . . . = * Weeks Weeks
’ 11% o A ’
) - . 51 L] B . .
,‘/ . - i3 o g -
: . 9 e D
. : . . - 15 © I don't know.
’ . - 0 . . Ho response
. 23 %
. :
o . -
- , - - -
} : -
) - ~  EXERCISE 153
EXERCISE 152. _ ) . RCISE 153 .
. . § L
(2: 2=10) (gve:lapé Exercise 415) (92 4-15) | . )
th do very féw pecple get ;maj,lpox in the United Statas . You turn on a water faucst in your heme and find that no A
today? - water comes out. Which of the fallw:.ng could NOT have .
. ; . . - caused this te happen?
) . : _hde . : .
12% [a) The weather conditions have changed. X . B { . . LT
. . L L . - R . ; I5% - The gink iz full of watér. . s
50 K J Moat people get smallpox vaccinations. . . - I .
. N . o - 3 9 o The watasr pipe if full o~ rust. -
K- o racple move more often than they used to. : -y
. . 286 Q A water pipe id broken somewh -
4 O - Peopla ar:.ﬁk more milk t;cday than avaer . .
" - befors. . 26 o Your heme has besn cut oEi- from the watar
- suppl R
- - PRLY . .
. 17 =} All the germs that cause smallpex have X - . . .
N - : bean killéd, 3 - ) 3 o I don*t krow. . . -
’ - . o i o No response
. 11 o X é@n',t Know. =
- t ) . - ' . .
. o . No response . N . ) . 29%
—_— L - N : .
100% - B : . . , ] -
. I -
e - . -
o .
. . ; - . ]
o h ! -
i . -
i - -
\‘1 . - R - N ¢
ERIC 0 o 66
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EXERCISE 154 o . -
(9: 3-5)
Ice melts to water at 329 F. If water is cocled from 40°9F, "
one should expect thg freczing to take place at
Age 9 ) - ;
31 % ¢ 30°For lover.
i7 - ‘e 329F. ,
7 o 339F. "
oy 30 o 34 °F or- higher. -
'.’A‘:\;;Q . B
14 a
R
. EER S
s - kA
é.«,
-- * ~
) - * ' ‘ .
- —
B . .
. ) |
- i
: . / L ,
' i . S -
’ - * ) s . , )
- . -~ . N - e, o
- . T ) = >
' " e 5 “ W o
i . . . ': ; . -w
L4 -
: 5 =]
B . . 37 R . .
1 - s - - -
- - ) B o
- - . = - .
- -
s :
- - . =
- A
© e . s . - N ‘ ; -—‘
' - sl .
»
' ® B
. n
-
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'Kgé 9

Dbjactive_III;r'Undérstand the InVESngathe Natura Qf
oo Sc:l.ence

;. . . . 3

General Sum‘mary .

,lne—year—olds seemea to do, falrly well 1nrldéntify;ng ‘
characteristics of scientific EXPPIlmeﬁtS and phehomena
amenable to lnvestlgatlcn,‘ Rather few 9s; hgwever, were
able to deal with ‘definitions of scieptific theory ok to
decide which activity has® little' relevance 'to science.
Most 9—*fea,:=olds- D P T .
155. Récagnlzed that cbservat;on is . a bas;c characterlstlc
of scientific expér;ment (91f) :

156. recognized that phencmena are amenable to sglent;glc

inguiry even where a ratlcnal explanatlon is not -°
immediately ava;lable (78%)a

el

. A good many reccgnizea ccrrectly'that:

.

- . x

‘157. A value judgment is a questicn unsﬁltable fe:
scientific inquiry  (38% selected "My dog: is betterf-
' than your dog" as such a’ judgment). -

—— »

Rather'few-_

158. , Reccgn;zed a 51mple deflnltlan cf a sclentiflc theory
(22?). About a fourth (27%) identified a Sc;entlflc
thecry ‘as a- desarlgtlon of an exper;mant ’ L

¢

]

159. Tselected from among vae alternatlves ‘the one=-—

] . "write a poem“——whlch had least tc do with gcientdific

e descrlptlon (22%) . Nearly a. thlrd (31AQ selected’ ’
' finding out the number of seeds in ‘am apple as 1east

pertlnent tc sclentlflc descrlptlcn.' _ - | e o




A maa has

EXERCISE 155

eds "and keeping
doing a science e

baen plantlng"'
Could he be

rocords_of_hoWw, fast
sriment? :

g

{9: 3=8). I

Mary blew up a ball@n and rubbed it against the wall of hex
room. When she toek her hand away, theo balléon stayed on the
wall without falling. Mary's frienda who saw thia said the
following things about the’ bBalloon. Which is the niost

L] Yes - acientific? 5
.. o - - s ¥ .o
7 o Ho Age 9 - . . T
~ . . h 7% [=] ¥ do not belisva that the balloon aBtayed up. -
R [ I\-:lt}n't Knew. - . ; ) P
i . i : [ 8 o It is a magic trick and eannot be explained.
[3] No responses _ . . o - .
— 3 =1 The balloen wanted to stay on the wall and
100% not f£fall down.
' 78 @ I cannot explain it, but there must b
- - . réason why it atays up.
. ' - 3 ¢ . I-dpn't know.
No response
1003
. - Y +
P .
- B . & °
f‘ . =
.
- T -
- H ) - : . § -
3 "QV ~ * e
- EXERCISE 157 ) ) | " EXERCiSE 158 - o
.- ’ g . L . - . : Lt .
(22 ﬁ—a)_f"f’, fGimilar to Bxercise 242) . (91 B=14) ~ (ovarlaps Exercise 244) N
Scientists would have most trouble testing which of the ‘What is s scientifiz theory? " o ' .
T following? . R : . . : . Lo . : .
. . L - Age 9 : . . .
_— ] . . .. - . . 7 . .
“—g‘—"_* £ . . <] It uses arithmetic.
12 o I have fe E .. - 5
* . 2 veE - . 1z o, It describes a scientist.
- ] a I weigh.101 ands . ; - : - - N o o
g P K i - 27 -0 It describes an experiment.
14 =] I am 62 inches tall. - . e
. . . A L ©o1la =] It tells all there is to know ahcut
: 13 [= S can 1ift a 20= pﬁuﬁd box. . .. -something. :
38 ‘® My dog is better than yaur deg.’ * 22 8 - It Explalﬁs why =mome things act the way they
) ., . dc.
B T 1e D . I d@ﬁ’ikngw. - - ' S -
- : R 5 ' .
1 ] No. response ) 18 - [+] I ﬁgn = kh::wg ) \ )
- LT i . [} . No responsé : i R . :
, - 100 % . B i ) - . .
N ’ -1o1% g -
: ( ) :
- - . i - . e
¢ Y . ‘ = .
. -3 e - ] e
oo - . -5 2 . .
= . - . . * -4 - . .- . v B ’
- - ~— LY
. 8 . .
LF B . ﬁ% . B
T 9 = - « . ' :




Nl - - 1
b L
. < N
- . .
- - r
EXERCISE 159
{9: 5=12) [
In scicnce ons is LEAST likely to do which of the feollowing |, i o . ’ ,
things with zn apple? - : - N
’ N Age B .
" 17% 0 wWoigh :t. R !
11 o Measure its sizo,
11 o Degcribe ita egolar, -
2z ® Write a pdem about it, . .
. h R g
3L - o Find how many seeds it has. ) - - . . -
; . : .
=] I don't know.
- No response . o ’ ’ . . .
° B s T \\ =
. - \
_ - - N, :
i ~ M . : \
. 5,
r ) '
- . - A -
4 : i '
- = . 5
\ - N .
P, .
- #
. ' B
¢ , - .
- &(' .
.
L -
- . . .
o - e e e -
Y ) - ’ - )
B
v ’ ° =
L ‘ [
f e . . st hd
. . «
. T . . .
3 ,
e < 5 _ :
. . B = « ) -
. N
; . * ) ",,‘ . ;/ .
S - . - . -




- Age 9

Objective IV. , Have Attitudes about and Appreciation of
- Scientists, Science, and the Consequences
of Science that Stem from Adeqgquate
Understandings '

General Summary

A

The two releasad7exercises bcﬁh.deal with superstition.

160. 'About three fcu:ths of the ch;ldrén did not- endorse
. the statement that number 13 brjngs bad 1luck (74?).
A fifth of them (20%) did indicate they belleved
.thé numrber 13 brings bad luck.

161l. About half denied that walking under a 1adder,
f breaking a mirror, or having a black cat cross onea's
path” has bad consegquences (45%). A quarter (28%)
thought braaklﬂg a mirror meant bad luck. ;




EXERCISE 161

ERIC.

[Aruitoxt provided by exic |

(2: B=17) (9: 5=8)
Do you think that the number thicteen (13) brings you bad Which of the following will csuse you to have bad luck sfor-
. luek? saveral years? i ' i
Age 9 = Age 9 R
20 % o Yas 28.% I Breaking a mirror.
74 [ ] No 10 ©  Walking, under @ ladder
6 ° I den‘t kﬁw; iz, 0 Letting a black cat érvas your path
. ] s _ i N 45 ‘@ Hone of 'thesg i °
o No respcohse .. . R . .
5 . . .
100 % - R . 4 .,Q I dun‘t know. 7
. « 1 No .response = - ‘e;}
5 E .
. - 100%,
L4 = . ~
- -
- N N
(=
<
. B
. = .
L - P
. ,”/
. . - /7
- 4
® L
B
.
O




'r{f, s

o

decay, dark clouds br;ng rain, fanning a firey

Agé'lS

. Objective I.. Know the Fundamental Facts and Principles-

' cf Sélénéé

General'summafy

RE

All of the exercises for th;s ijectlve were mult;plé—
choice. / Difficulty is-influenced not only by the concept
Pbeing g%sessed but also by the. difficulty and the potential
for confusion induced by the alternatives offered. Most 13-
yeapﬁcl&s answered correctly when asked about simple
sq;entiflc facts, many which are close to everyday experlence
;baby comes from its mother, ‘brushing teeth prevents tooth
"kes it burn’

faster, o=tc. ),';

Exercises answered correctly by a good many l3-year-olds
tended to be farther removed from everyday experience. Some
required knowledge of prehistoric man, the formation of.
fossils, or the movement of air masses—-all actions or _
things inaccessible to direct observation. Others requ;red
awareness of’ scientific principles of molecular movement,
pasteurization, and the like, Other exercises of this
difficulty,'whila drawing on observation, also called for
application of thecretlcal ;deas (e.g. refraction of light
by water)_ o : S v,

The mOSt dlfflcult exercises did not deal with any . sxnglé
type of content. Often the chosen single alterhatlve, '
required a prec¢ise discrimination. For example, one
exercise asked the students to choose which of five parts
of the central nervous system is the center of memory and
intelligence. Exercises on molecular theory and chemical -
reactions were gene:ally d;fflcult, ' oo v




§
3
{
14

208.

201.
202.

203."

204.

205,

206.

207.

A good
209.

210,
'halry, and etoeped (63/)

\r%wﬁ%

\
\

heet 13ﬂyeareelds reepcnded ecrreetly thaté

\

The human baby comes frDm its mether s body (989%) .

\

You brush ycur teeth te keep them from deeaylng (985).

-

\

Thlck darkegray clcuae are more. 11ke1y than ethere
to bring rain on a summer day (93?).

The beet balanced meal (from among five alte;nativee

o glven) 1ncludes steak, bread earrute,iand mllk (89%).

- /
i /

The comfortable temperature for a schoolroom 15
70 degrees F . (86?).

Fannlng a fire makes it burn better beeauee fannlng
1nereaeesjthe eupply of Qtygen to the fire (79%) .

Caneer is a d;seaae that eannot at present, be
eantrclled by a vaccine (78%). - '

o

. Even without atmoeghere the launehlng of a reéket from
.. the moon is possible ;(74%). " (ThlS result was
. obtained in the fall pf 1969, after the .lunar

1and1ng )

i

many 13—year—elde reepcnded ecrreetly that: -+

'Sedlmeutary rcck usually forms in 1eyere’(65%),'

The earllest men on- earth were prebably small,

[ IR

~In hot water the meleeulee are moving faeter than 1n
cold water (61%). - . . - ' o

Predlctlng the mevement ef a1r masses 1is an lmpertant‘
- factor in pred;ctlng weather. (59%).. '

A human actlen eueh as drainlng a swamp can upeet
the - ecelogy of a emall area (57%). '

11‘£ﬁ§'74




214 . A second weight can be hung at an appropriate poeltlon
to balance anofher welght (55%) . i

215. Flower seeds develop from the ovules rether than
1eaves. petals, roots, or stems (54/).

216, . The apparent bending of. a spoon in a gless of water is"
exple;ned by refrectlon of 1lght (SL%).

217. Most of the chem;eel energy exgended in the autemeb;le
engine is not used to move the car but is changed
:lﬂtD heat (48&). e : S . . e
218. _Mercury can be used in a glase thermometer beeause

. when heated it expands more than the glass (45%) .

219, _Pasteurlzatlon of milk’ kllls bacterla harmful to man
220. A bloek of wood is more bueyant in eelt water “than

in fresh water (39%)..

221. :vMoet eaves are formed by the action of undergreuhd
‘'water on limestone (38%). ‘
222, Natural selection offers eﬁ-explenetien for'whyv
o 'giraffee have‘lcng neeke (38%)..

223, A body eoverlng of feathers is what dlstiggU1ehes
", birds from all cher anlmals (36%)y :

. 224, Our knowledge of atoms is based on ebservet;on of
a how matter. beheVee 634%). : .

Rather few children of tHhis age’ level ecrrectly reependea
te exerCLSee on the fGllOWlng, :

AZES;A A goed thlng te do when someone fa;nte iSFté 1ay him
:dewn and keep hlm werm (32%). ' T

- 226. As a candle burns meleeules.ofva Qifferent kind aret

fermeﬂ_(E??). . ’f{




227.

~ and 1ntelllgence (26&). : : _ ~

228, .

N

The cerebrum is the brain® s center fdr mamcry

The ‘presence of an. ocean'fish.féssii on a mountain
outcrcp is best explained by 'the hypothesis that the

‘mountdain was raised up after the fish had aLed (26%) .
- About ‘half (53A) thaught the best exElanatlcn was

that the fossil fish was ﬁarrled to the mountaln bf
a great flacd. ' '

88 ¢




&
(».
: EMERCISE 202 ’
= EXERCISE 201 EXERCISE 2
= . . . l3: l_ 3 - y e 3 3 E
(133 7=15) (overlaps Exercise 101) ,( - 1) {overlapa Exercise 103)
. . For which of the féllowing reasons should you brush
Where does a human baby came from? . . your tecth? wing raa . ¥ o
Age 13 - _Ags 13 .
D% © The =stork brings t?‘g baby . . 0%, O To straighten your teeth
98 @ The baby cemes from ;\.ta mgthar‘srbcdy'. 1 O Te make your tosth harder
O The doctéer gives ghe !::ab)g,itn the mothez. i o © To make your teeth sharper ‘
o O The father: b'u.ys the baby: s the mother. R 7 . o O To help your teeth-grew larger .
¢} [} The hespital keeps many babies and the - ® To help keap your teeth from dezaying
mother picks one out. . .
. . . = a O I don't know.
o 0 1 don't know. = - ¢ =
S i - . X . -0 No response
1 Ho response . - = o =
99 % K 99 %
. . r- . R . Y
‘Not, administered to the in-school sample in one ‘Southeastern . ) . - . -
- county and ona Southaastern city at the request of state or oo = ’
local authorcities. :
a N
. . )
- .
© . 4 -
-
- - ™
_ _ _ L - _ _ _ _ _ PR
EXERCISES 203 - - ’ - EXERCISE 204
£ N - ~ . - . . .
(13: 4=10) (similar to Egereiss 108) . . (13: 7-11) (overlaps Exercise 302)
. On a summer day,. ieh @f the following clouds ig’ : .Which of the following weould most closely represent al
most liksly te bring rain? balanced meal? ' *
-hge 13 : T _Age 13 ]
1% © Thin fluffy slouds ) . T -
1 O Red clouds at sunaat v . e . °
93 ® Thick ﬂéf‘k=§r Ay clouds, P # N
. -
3 O Clouds that leck like white shasap .
1 0 A few linos of clouds high in the sky R -
1 0 1 don't kngw., . . N
o No reaponss - i . s
100% - B
B 7 . ‘ s i
2 %
' -
: i .
i n . ;
ot - . * -
’ 6-. ©° I don't kndw,
oL, S o : . ' o : Do ‘Ho! reaponse L R
o i oD e




had -
EXERS [}
BREF GI-SE 203 Exercisze 206
(13: 6=2) (similar to Exercise 130) - - - - f
The tempusraturs that is considered mest comfortable for (13:. B=11}
a schoalroom 1a abgut )
Fanning can maké 4 campf{'ré burn better becauseé the fanning
40° Fahrenheit. ’ : Age 13 - " : .
50° pahrenheit. - 3% o raises the atmospheric pressure. ;
76°,Fah3rsnheii;. 2 o warms materials to their kindling psints.
* 9go F;i-;renheité a iﬁt?rjeasea the supply of material that
R = 0 burn. - . ) -
o heit = i co
100% Fahrenheit. - 79 - inereases thz supply of oxygen for the
: . . burning. E
1 don’t know. . ‘ , 1o o provides thé énergy neaded te keep the
¥ N6 response fire going. .
99 5 i 2 @° I den't know. - J -
o . No response -
. : - 29% ;
. i H . B P
- . : - .
Co 4 -
.. » * o
- j
. i =
v S - S
- - M Ey
. .
C, ; .
= EXERCISE 207 EXERCISE 208 B
R : - - @ c BN
{13z 4-1) - . (13: 5-8)
Which of the follewing diseasesn pressntly CANNOT be controlled - Which of- the following could pe: done on ti Moon, where )
by 'a vaccina that one receives by inoculation {(shot) or - thers is no air?
swallowing?. . - . - R .
ge 13 - - B - L
A, 8 13 - - . Flylng,,a}k,it:e
8% & cancer 37 . 6 bBuilding a bonfire | -
! 3 1io . . BN
T 7 . e Fa . L. = ~* 2z Lel Flying an sirplane
s Smal 3 . : N . . -
2 e ipo . . L - 17 O .Floating a balloon-
3 <3 Ta 8 .
- N Tetanus . 74 [ ] Launching a recket B
4 o Typhoid favar . .
- ) 3 o I don't know.
5 a I den't know, i Fasram -
: 0 No response
1 . No respon=e -
100 % ‘ .
. . ' L4
:
S S . £
. R - .
+
B
N i .o . . . ir 3 . LF
Q o : R ) s e v
ERIC~.. - - e R 78 - ,




EXERCISE 209 :

/ .

>

(13: 4-8)

Which of the/ following i= Ll ually true of sedimentary roek?

EXERCISE 210 - B

{(13: 5-4)

= L

Recent seientific obsorvations ‘indicate, chat the earliest .-

" men on Earth

Age
s e . Pt ge 13
&5 It is fbrmed in layera. Age 13
5 - It-has lazge s‘lgény :::y:n:a.l.s.i . *, ° 1.5""2‘3 in eities.
. 4 - . —
5 It will disscive, easily in water. [=] lived ::n occaan beaches.,
4 It iz formed om Mountain tops. o i . 63 - wareé small, hairy, and stooped. L
3 It ean Qe melted over asburner flame. . f':' i had‘.b:alns the size G_{a walnut.
e : £ iz o lived near the north and acuth poles,
is 0 I don't know. “o o . . N k
: , e _
) o Ho response iz o 1 den't know. B
= . . L o - No response -
100 % . — : : .
: . 100 % 3.
s 5 ) - =
- e . . . BT - :
. 4 5 . = * -~ '
. iy
= e nd * . ~
. - ) .
*, - P
- - . ’ : = -
. . N - -
. - i
- - i ] e 1
- - - = —— —
- = - - =
EMERCISE 211 . EXERCISE 212
. to% L . 5. L
~13) (overlaps Exorcise 419) - (133 5"'42) (éverlags BEx fé:.se 305) {mimilar te Exercise 403)-
"Which of the following is true of hot water as compared with Infarmatlan abcmt; which ne of the fc’llg“'iﬂg is most important
cold water? . : P ‘; - - g - in Ered;gtlng weéther?
. P .
. - " Bl . b - )
Age 13 - = .
o ’ 9% O It is denser. i A% 0  The available suppliss of water
ER o ' It im easier to Ree :ﬁrgugh. Az o The daily extremas of humidity
61 [ ] ita mclecules ;sre moving fastex. "4 o The daily extremes of wind speed
. 9 .. O It has more free oxygen dissslved in ix. 17 . o The daily. axtrames of tempafaﬁu;e -
- -1 L] it'has more g;ge hydrogen dlﬂsﬂlvgd JdniET—C 59 ® The movemént and ghgracterxst;cs of air :
. * * . massas - -
1z, Q I don't know. . P .
3 _ S . 6 - 0 I don‘t knaow, - : L .
. k) ' No response ' & R ; . o . B . .
N — . - [e] /4 No response = | : . .
00% - : : . . " . . ’ 3
299 | e - ’ .
- 3 2 i =
. A
" B . = h s s - \ )
B - . i -
- . . - -
’.’ N . -la- . - fa
' - . A - - L
- " - e - . ¢ . - )
. . L =5 - . .- - -
N - . = . * = ,
° = * LI - § = . s - M : -
A .
, . - N \ . R . N )




> . i % .
. - - . W
EXERCISE 213 B ) . EXERCISE 214
(ads Bmid (13- "=4)
r_h of the follewing.would LEAST upsel: tha hélancp of
plant life in & small area?
" Buegning a forest
5 La] Draining a awamp ¥
v o constructing 4 dam
57 -] Broadeasting radio waves N
-5 &  Killing all hawks, owla, and vultures 3
tha araa . : =
- - - . Ib.
O I don't know. . “In order- te !, you should hang a 2-pound
) ' ‘ ’ waight! he left=t v a1t iom
o Ho response . B . reigh tlon the left t‘nan e/at position .
. ‘g-am i . age 13 . - . gw A
A . ol 6% o0 1.
» . 14 o 2. .
, - . : 3 o 3. , : )
- . - o . 55 - -
B - , - L.
L e o .
) - .- 4 o =
' o . o .
L ~ - . -
- . . =—— i
. ' .
- ‘ L . ss»% ) - .
B R -
. . .
- .
* ® s - -
. ; . . . .
! " '
i . -
' EXERCISE 215 &
i . R . - - .
(31 5=2) | (overlaws Exercise 4117 R : <
qu;n:-eﬁ gqg’dg df;va;c,;p £rom - 2 A spann in & g‘lass of water appears to béﬁd sharply at the
! ’ : ' . water suxfacs. . This spparent bending is’ due to .
,\' .
. ., . _Age 13 - . : L
O . Ieaves. . . = . . - A
) . D - A =] absorption.
a ovules, . 7% Tption . )
o . " 5 " .0_ _ szolor bands. . :
i5 o9 . petals. L — .
L. E . - ' N 7 Q nterference. . .
; g rootas . S = ! - .
’ o e tame . N 51 & - refraction.
K =l sSLEmE ., . ' T = -
- s .- ’ 15 o . shadovs. N .
i - o* a I don’'t know. . . . - ar -
: i I dnn‘t: know. : i =
o Ho response - - o g : B e
‘. . o] No rc.;g:mee . -
© . 100% = .-
= s -
- ' -,<A:r - e
- : I - -
s .
- . - e
: . 7 . . ) A . - = .
(=3 = [ . - =
N - Y =
. - R . . 3 -
e < o )
- N * . ‘
s : B
= ., =, A} B 1 . =
B N - ) Y . N B
N LT . . i » .
ERIC . - o, -
R . 1 2 .
T ) . ) - L0t . = i
. ) i . . o




EXERCISE 217

(13: €-10) (similar tp Exercise 413)
B = o +
Most of tha cheamiceal energy of the gasoling burned in a2 cax
is not used to move the car but is changed ijite

electricity.

-
. - EXERCISE 218
{(13: 7-2) (sfmilar to Exercisc 317)
Merciry can be enclesed in glass to make a thermometer ..
because marcury . . B
115 o ia a metal’ - . - . -
- ' @ is more dcnae than glass.

conducts heat better than glass.

. .- 7% 0 conducts electricity better than
A expands more than glass whan both are
B - -- haated togethsr. . Coe -
.~ 16 B I den't knew.: Yo S .- : * ' s
- . - - - - i4 0O I don't kngw.
o Ho.response . B . . ZN -
_— . a Ho reaapons
100 % N . - — . i
929 %
o
0T ) B - T 7
/
. - / B -
- rl "
B
'
3 — - N )
« - T
' < 3
EXERCISE 219 ’ .
(13: 3-5) S (13: 4-9) -
Which of the following best describes the results of pasteuri- . - - E
2ation of milk? i : 3
. - - . ) i
_Bga 13 : :
25% o All baeteria are killed. A block of wood floats in fresh water as shown above. . If
23 a Phe milk is homogenizad. . this h;a;h ‘firérf‘érplérééi! i:fx salt water from th; ocean, which
. - . : . of the following disgrams shows what would happen? .
1 [+ The taste of milk is improved. . - ) .-
40 @ Bacteris harmful to man are killea. . ' _Ade 13 ) o g
5 o The milk is permanently kept® from spoiling. 13% o A -
: - ) s : : 4 0. B :
3 © I don't know. . T R i o « i
Ho refpdnac . = 39 ) D : . ]
‘ s ? ze o E :
o . B o * I don't know.
s} No response st -, .
_ o B 7
. . E
., i f e Salt Water

Sal Water




@

. EXERCISE 221

{1i3: 7=14) (overiaps Exarcise 422)

Most caves are formed by the action of underground water on -

EXERCISE 223

{12: 8-B) (similar te Exarsise 314}

In tagms of the thecfy af netm‘al sclestion, what is\\ ths
explanation of why giraffes have coms to have such long necks?

ERIC

A uiTox: provided by eric [ .

B

Age 13 -
+Rgs. 2d hoe 13 h
0% _ O granite.
) N 8% a Stretchlng to gat food in high trecs has
3ig- * nmestgne._ : made their necks longer. .
4 e pumir:e. 2 s} There is something inside of g;raff;w which
a3 kaesps making longer n'
)})—r—:("*"):&(‘( 12 a Giraffe faed contai gd vitaming which Eauﬂea
—— - . vertecbhrae to lengthen.
’ 18 28 : @ ffe necks have.gotten longer and lohger
: -ime has gone on, but nobody has any
o - No response why this is.
g9 % " . k7] ® Giraffes born with the.lengest necks have :
- — been able to stay alive when food was
R and have passed this trait on to the;:
N offspring.
12 [s] I don't know.
i &) No responsc ’ - *
’ . 100 % ;
2 P
» .
'
i
Ll
EXERCISE 223 IXERGISE 224
s
(13: 7-13) (oyerlaps Exercize 321) : (13: 3=-12)-
Which of these is characteristic of birds but of ne why do we think that matter iz made up of atoms? M
- other animals? . .- .
L - Age 13 : . .
_Age 13 41% @ We can see with a microscopes | -
s . B . . .
37% 0 Ability to fly . ;"" 1 [s} We can ge with our unaided ayes. B
< 2 © Abllity to.lay edgs ) : R 2 o  We ean se with a maghifying glass.
} 10 ] <] Tenﬂene}r to migrate - 34 [ ] if it were mads iip of
36 . @ Body eguefing a" eathers g -
1o o Rat;i;lgggd body tempéfatufe Lt i 10 o A, famous wise man said many hundreds of
- : S s years ago that matter is made of atoms. /
" o I don't know. i
by - I don't Knovw.
1 = Ho reaponae .
. : Ho gesponse
100 % = - . .
- T
L ' :




EXERCISE 225 -
(12: 9-G)

Which af the follewing should you do when a pearsen
faints? - . ’

(=]
s} o] Tightly bandage him.
32 [ Lay, him down .and keep him warm.
1 a Hold him ggﬁand apply hot packo.
T1z @ tiold him“up and apply cold packs.
48 o] Lay him down and apply cold packs,
7 o I ’'don't know. -
o NéAfééﬁéﬁéé
1100 % B

{13

9=10)

Which of the

EXERCISE 226

following most clearly forms molecules

different from thoge present at the start?

Ice melting

‘A cup breaking

Cloth being torn

A eandle burning . B
A éia;e of chalk_falling'apart

O ® 000

I don't knows,

o

No response

EXERCISE 227

-{13: 7-6) (overlaps Exercisa 327)

In mammals, which of the following is the centaer of memory

and- intelligeanca?

Age 13 g
Sl /J Cersballum
26 4 Cerebruim
11 o Hedulla
e o Optie nerve
-7 o  Spinal cord
25 - 0 I den‘t know.
o - No' response
100 % N

ERIC

N, - e

"

5

“_hge 13
3%

(13:9=~7) {overlaps Exercise 425)

& fomsil of an ocesn fish wasa Eaﬁn
mountain. This:.probably meanz that

EXERCISE 228 ‘ ..

in a rock outcrop on a

] fish once lived on the mountain.

o the relative humidity was once very hiah.

® the mountain was raized up after the fish died.
o fimh used to be amphibians like toads and
frogs. N i :

=] the fossil fish was probably carried to the
mountain by a great £lond. L .

el

I don't Kné;! -

o response




-

Age,;B

Objective II. Possess the Abilities and Skills Needed to
Engage in the Processes of Science

'General Summary

“Exerclses causlng students 1east dlfflculty were those’

‘requiring them to form a simple hypothesis emplaylng

elementary scientific knowledge ({e.g. to suggest why

paint on one side of a house had deteriorated more “than

paint on the remaining sides). Interpretation of tabular

data was more cDmpl@x, Most children of this age level
'Twe:e ablé to = . S = /

229. Select from a chart 1lst1ng we;ghts oﬁ varlous
common elements found in the human body, the element
that is most abundant (oxygen)  (92%).

230. Choose from among sevéral possibilities the Dbest -
hypothesis for why paint on one side of a house
doesn't last as well as the palnt on the remalnlng
s;des (83%). . I

P

, pa :
- 231. Selact from a chart llst;ng weights  of various
' common elements found in t 1e human body, the

scarcest element (scdlum) 7 (81%) .

232. From plctures shcw1ng how hygh three solids of the same -
size float, determ;ne which is heaVLest (75%) .

233. Interp:et a’ graph shgw1ng the effect of dlfferent dlats
on the weight of guinea pigs~ (71%) .

leen the folchLng exerclses, a gaod many 13=yéar—olds
could: - ' : . o e .
234, Balance a beam balance with a weight-(64%).

235. fntergret tabular data to cgrrectly determlna Whlch
- series of four welghts best. establlshes that one
cbject is heav1er than another (62%),

£

1




236. ‘ Correctly usé a graph and tabular data‘to determine
' the food needs of a dcg (61%) .

‘237. Perfcrm a s:un};.)ls experlment '.by measurlng +the +ime
takes a pendu;um to sw1ng back and forth 10 times
'238. ‘Select from a vaflety of laboratory apparatus the

Aequ1pment nECessary to determine the bcillng point
of water (36%) . -

Rathergfew lB—year—clds:
239, 'Chcse from a- varlety of line graphs the ohe best
' showing average, normal height increases in children
as a funct;on of their age (27%). :
240, Fcund,cuﬁ-the density of a wood block using the R
. beam balance and a weight of a known mass (4%). ' ’

. o
.!3,




W
L

EXERCISE 229 ] 7 EXERCISE 230
{13: 4=15) lovarlaps Exercisa 436)
(13: 9-138) V(f:.xv:.rl:trif:oil‘:‘?teﬁc:.se 1‘:5? A man notlces that the paint en one. Eiéjé of his house is not -
Weights of some Chemisal Elements }és:ting féWell aé,ehig‘aivt on the other sides. Whizh of
Found in a 100 peund Human the following is the most likely cause?
Caloium 2 1b. Ago 13
. carbon 18 1b. L _ - R
7 Hydrogan 10 1b. 5% =] Tarmitas =
Oxygen - 64 1b. 5 O Cosmig rays ! -
Phoapharus ‘14 o=. . .
. sodium 2 oz. g3 # Wind or sun
Sulfuxr T4 o=s. - -0 [s] Fallout from ~tom bomba
3 . — e L . . N
B, From the éhgfrt abova, which chemical element i 1 Q@  Seniec hooms from low-flying jets
the GREATEST amount in the body? - B . R .
. . 3 o~ I-don't knsw.
] No Ecsponde )
0 Calcium . - i
1 Q Carborn . 100% - . :
1 [+ Hydrogen : ,
92 o oxygen ; : . - .
1 o Phosphorus T e .=
. R ) o .
1 © I doa't know- . . . ! . S
a . No response : T . . v e
SB% N . ot
[ .
5 o
. ! -
B S — Y £ T — — i — - ——— — - —— o '**;—:
i
. . EXERCISE 231 ‘ EXERCISE 232 e .
(13; 9=-13p)_ ({similar to Exercise 150) — (13: 5-13)
. — = . o .
Welghts of some.Chemical Elements
Found in a 100 pound Human
' um - » 2" 1b. ) .
is ib. B
Hydrogen 1o 1ib. N
COxygen = - 64 1b. R -
Phosphorus 14 o=. - .
Sodium 2 o=.
Sulfur 4 oz, )
k. From the chart-above, which.of the following chemical -
mlementa is found in the laast alount in the body? B . .
- " . ‘ The three sclid cbjects shown above have the same
_hge 13 ) 2 voluma. If they float as shown in the diagram, which .
3% o C'ait;—i\i;n - one vweighs the moat?
3 .0 Carbon Age 12
. 4 o Hydroden 0% o Object A N
- 81 ®. Sodium ; : 75 [ ] Object B
& o  Sulfur ) 4 ‘s objest C©
't . - & O They all weigh the same.
2 a I don't know. L. - .
R . 14 o It is impossible o tall without
1 Ho response H -additional information. -
100 % . ] : 2 .
1 9. I don't know. | 9.
e o reaponse
. joox - .+ !
-~ 2 :‘. t;.; 86 : <
ERIC b

Aruitoxt provided by Eic:




(13: 3-

L
du

&

I ° W m o a9
- Tune iduye)

Two guinea pigs, I ana 11, were put on different diets for
a'month: The graph above shewa what happened to their
weights. Which of the following statements is correct
according to the information in the graph? L

Age 13 .
. . B% . 0 Guinea Pig I 105t weight while miinea pig
L IT gained weight.
v 3 ' 0 guinea pig T ang guinea pig.II ghed
: the same at the- baginning of ths experiment.
71" &  Guinea pig 1 and guinea pig IT weighed the
.. Bame on tha 15th day of the experiment,
4 Q Guinea pig I was given meat and corn
wheéreas gquinea pig IT Was given sugar
N and crackers. . i
2 . O Guinea pig IT lost waight at ¥irst, but

started to gain about halfway
2 expariment, .

(o} I don't know.
2 No responsze

: B 101 %-

through tha

-l. Place one wei

EXERCISE 234 ' .
13 13=2La1) {overlsps exercises 341 and 438)
5 g ;! . .
: Pivot paint

Balance pen

— - . i

The apparatus hefers you is the same as that shown ih# . ’
picture. This balance is balanced when the balance beain is
level as shown above. The aumber by each mafk/gn the beam

tells: the number of inches that mark iz From Fhe plvet poink,

from the pive

o EXERCISE 235

* . B
(13: -7-8) .. {overiaps exercisas 340 and 439)

-

.In sash of five expariments, I:wc objects wera weighad .

times each,
that cbject I weighz more than object 117

Which expsriment gives the. stran

gast evidence

Ohject IT

1_“&35 Object 1
.62 % ® Expariment A HO 1b. 70.1b.
81 1lb.. 69 1bT
- 80 1b. 71 1b.
: 82 1b. 70 1n.
* ] © Experiment B 69 1b, 81'1n,. |
: T 71 1b. 82 1b.
' B 70 1h, 80 b,
70 1b, | 80 1b,
3 . o Euperiment ¢ 70 1b. 80 1b,
75 1b, /75 1b.
=77 1b. 73 1B
. ' - . . - 80 1b, 70 1b.-
3 @ Experifmant D . ‘g0 1b, 70 1b,"
, S . 7571B. 75 1b.
. F 73 1m, 77 1b,
. 70 1b,. 80 1b.
9 " 0 Experiment g 80 1b. 77 1b.
- . 79 1b. 76 1b,
- 78 1b, 75 ib. ‘
77°1b. - . 74 1b.
127 6 T don't finow /
2z - e responas
- 100 % ’ )
R . : - .
N .
Q :

ERIC -

A et Provided by ERIC & S .

~Age 13 .
&4 % Correct
34 ©  Incorract .
2: " 'No rasponse ' -
loo% -
The apparatus also ineludad fishweightz, one to place in the
kalance P&n, and another to yse to achieve balanes. Thea
rédpondent was given 20 minutes to find the answer to this
and other questisns invelving. the uase of the apparatua
{see Exercise 240) .
194 -
5
. EXERCISE 236
(13: 9-14c)
Michael kept a racord of his dog's weight from birth on
May 1 in order to £ing out how miich dog food to giva ’h,i;—; e
dog. The directions on-the bag of dog feod for feeding -
< . AN o -,
5,

a dog are 2g follows:

Weight of Dog

Weight - {pounds]

Under 20 pounds . : 1 X

i . . . . Y .
20 to 40 pounds . " z b
41 to &0 peunda

Over &0 pounds

i



ek e e

EXERCISE 236 ‘
{(continued) ’ EXERCISE 237
(13: 9-14c) (13; 13=2lel) (ov ises 344 ang 44l
n what month should the dog's daily allowance havs
to 4 cups’?
July. ' String -
August .
September : to -
-
. October -
Hover —
C ——————— .
* 3 I don't know. : ) : . :
. ) } B - The .apparatus before you is a pendulum, You have a watch
’D No reaponse or clgok also. !
100 % . 1. How long doas it taks for the weight in ..hg?r pan on the
- - . end of the string to swing back and forth ten timss?
_ gaaonds (An answer between 11 and 13 aecends
s was scoered correct. }
% i
Age 13 -
38 ¥ Correct
. . e 5& .Incorrect R oo
’ s 3 Ho responae
100 %
) H ).
s <. , k
. H
R - |
Y
. Lo A
__ _ - o . §
- = - — — — —— =
S . . * .
—— EXERCISE 228 i EXERCISE 239 :
(13:'6-12) B (13: 2-9) (similar te Exercise 442) :
- * - 3 ) !
. N : ! . Which of the following graphs could ghowl the average height
X . Y. ~ in inches of a group of children growing at a normal raté
N S plotted aghinst their age in years? ;
Y
. B - _hge 13 -
1 z. a 4 5 16% o A
. " X 14 -0 B
: s 27 . & c
o 15 o b =
£ fe / . -
- _' io a E
“aaTrear L
- N v - 18 0 I don't know.
/ o - No response b E
. . 99 % - -
i
- : & -~ .7 a : a8 f 8o 20
P 70
. delect Ehe pieces nf apparatus shown above that one would usé 5;2 &0
ta find the bﬂxlinq point of watar., - - / <0 50
T e T - i = 40 40
. | fag 30
o ) . Zz0 10
5% ¢ 1, 4, &, 7 . . io i wob :
. . . % : N ——— R T
17 6 .1, 4 6. 9 74 681012 1a ) zfsami;u z E,B“)l!h‘
- . o Age in Years Age in Yaarc Age in Years
36 e 1i,4,5, 7, 9 ?
i3 . . - N = H * LR
g o 2, 3,4, 6, | X
T 80 .
.10 ‘e 4, 5, &6, 8, . S . 70
_ = = | £ saf - =
" =4 [
0 Iden't e | £l H
1 Ho responss Lo &30 E
LR . £20 £
: _ 10 =
= 24 8 8101214 24 68101214
- Apge in Yaars : Age in Yaars



[RN—

{13: 13-21a5) {(overlaps axer

o

The apparatua befiore you is the same ag that shown in

the picture, This balance is balanced when the.balancs =
beam is level as shown abovs. The number by each mark

on the beam tells the number of inches that mark is

from the pivot point. R o -

{The apparatus alac ineluded l0=gram fishweights, & centimeter

ruler, and a block of wood 10 ¥ 3 % 2 caentimeters: Respondents

were given 20 minutes to answer several related guestiona
{e.g., Bee Exercisme 234). .The. following questidn wRa
preceded by others which required them to make measurements
which would assist them in anawvering i€.) -

i . R
§. What is.the density of the wood blockz It is

grams per gubic centimeter. (An answer betwaen .38

} and .64 was scceraed correct.)
Age 13
4 % ) correct .
70, Ir;cgr:ect 3 - -
25 - No responss '
T 98 %

Q

ERIC

Aruitoxt provided by Eic

o



® _ Age 13,

Objective IIIX. Undexstand the Investigative- Nature of .
' Science P

k]

~

General Summary

Most 13s were able correctly to: , '
241. Select from a variety of skills (music, magic,
mafketing; mathematics, and manufacturing) the one
(mathematics) which is mast useful to sclent;flc
' research (79%4) .

g

242, Recognlze that the statement, "My dog is btter
' than your dog," is not a quast&cn amenable to _ -
sc1ent1f1c 1nqu;ry (73%). ' : ' '

-

243. Reccgnlze that repeated measures of the same thing will
' ‘usually vyield successive results which are close to each
other but not all exactly the same (69%)

A gaaa many lB—yearsolds ccrrectly résponaed on the
fallcw;ng, : 5 - o ‘ . .

244. The basic purpose of a scientific theory is to
- explain why things act as they do (56%).

r

s




- = i
N, . -t
) B e
n - i .
= f . : . L .
E - = A
- EXERCISE 241 oo . EXERCISE 242 A
(13; 7-7) (overlaps Exerciss 349) = {13: 2-1) (similar-ts Exarsise 157) .
* e L. Lo . . ,
iswing is most useful in - . Sdientistd would have most treuble testing which of the -
- lowing? .’ . .o -
= ) . s, ] 4
1% & Musie - O *~I have a fever. =
4 0 Magie . 4 0 . I am 62 inched tall.
1 © Marketing - am' I.waigh 101 pounds, .
79 # Mathematica * a8 v o I can 1ift a 20-pound box. - =
B - B T 20
1z O HManufacturing 73 ‘@’ My dog is batter than your dag.
3 0 1 don't know. 0 I don't know. - .
o Ho raspaonss 2} . Ho response -
/ - — ,
4 100 %
.- -
. - - o Do . . .
- . .
<. . . .
N 3 R N A
. ) * - -
M -
L . . : I3
- . ) . N
. . ,
- 1
- - = B
S R ) - ,
. i . - R I i ———
s F , : -
15 - - .
v . .
. . * . M - o . P ’
EXERCISE 253 » : =
(13: 8=14) .(overlaps exercises 350 and 446) . 9-5) . {everiap : 7
. . . . [ . ., ) i = N
carefully measurfe any quantity many times, What iz a scidntific theory?
. - - . a
all of the merJurements will be exaetly the # . _
Same . : 4 e =
z. .0 only two of .the measurements will be exactly . 1s o .
the. same. ) . .. 14 [+] o know about
4 .0 all but ons of the maassurements will be ’ . } N
[ exactly the same. 56 ® It explains why some, things act the way
59 # most of the measurements will be close Lut -they do. i -
P / . . not exactly the same. - -
/ . .0 I.,don't know.
. / . . - - N
’/ / [ I den't know. ‘ . . - ] > No response . N
! - - - — .
N L] No response N . so% . ,
100 % A
H a . *
. . . .'
~ B # o =
) - -
e . - -
= . > = . oy *
\) . . - - * ° ,! : . : 2
"ERIC. : T, -
‘ )
B . + LT - 3 . .
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Age 13 e

Have Attitudes: about and Appreciatfion of
Scientists, Science, and the Consequ:

.of Science that Stem from Adequate
Understandings = [

Objective IV.

General Summary ' _ o

Th@ following exercises deal with hav1ng accurate attltudes
about scientists and having. scientific. curiosity about things

in everyday life. Most 1J-year—clds éxp:esged att;tudes
consistent with the cbjectlve.“

245 . They:indicated they‘bglieyg that women can
be successful scientists (94%). R

246. Most indicated they did .not believe that scientists
always work in laboratories (91%). -

247, Only a few indicated qreat GUrlOSltY ahout Why

in ﬁature are the way they are (8% said they

things
had such cur;cs;ty "then,! ancther,64? "sometimes") .-
0 70104 s o

o



N , EXERCISE 245

{13: B-=15)

EXERCISE 240

{13: 2-10} ot ;
‘Women —an be successful scientists. Do you think that scientists a,i'w;ays work in' laboratories?
- hge 13
I belisve this statement. 9% O .Yes
2} s} I dcxn't. belicve this statement. ' 91 ] No
- 1 © I don't knew. . 1 6 1 don't know.
- [} No responsc s} Ho response
10807 10k 3%
- .
.
%
< = -
. - -
1
-
A9 EXERCISE 247
(13: 7-18A) . ) .
. Do you ask qﬁestions about why 195 in nature are the
way theéy are? .
Age 13 -
8% L) Often
64 =] Sometimes M
23 Never 5 -
- i No response o
R 101% : '
as
- - N o
.
= =y
— -
. ; o ; 3 B
} : f
& ’ -
" . 2 - A .
. .
* =R . :
- . . . T -
° . -
o .. . ey
ERIC , 93 = 7 LWWJ
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b b et e

Age 17 | p

Objective I. Know Fundamental Facts and Principles of
- Science

Géﬂéral Spmi%rv

A
A

There is a great range of dlfﬁlculty among these EKEEELSES_
In general, the harder exercises seem to call for texkt-
bookish: information. ’

The easiest exercisges include a few which appear to be

~ common knowlédge-~-=what foods make up' a balancad meal; what
- group of animals and plants would be found 1n a desert

community. However, others call for information one would
be most l;kely to learn in school-—the idea of natural
selection is usually associated with Darwin's theory of
evolution; an alectric current in- a copper wire involves
malnly the- mavement of e%?Ctans'

! : .
Most l7~year-olds responded gorrectly to exerc;ses on the

fcllaw;ng*

301. - Snakes, road ruﬁners, cactus, and sagebrush belong
to a group of animals and plants whlch would be
 found in a desert commun1ty (98?)

302. An example ‘of a balariced meal is steak, breaa
ca:rcts, and milk (95%).

303.' ,Nearly all gasoline at the present time comes from
‘;,petraleum (933%) . __—

304. i"AmGﬁg five animals that have bean faund as fDSSllS
in rocks, only dinosaurs . have never been seen alive
by man (89%). -

305. ’Tha movement and characterlstlcs of air masses is
' the most important information: (of Ffive ‘ ’
alternatives). for predicting weather (77%).

"306. . All of five alternatives help-to increase the'ﬁctalf

amount of food available to the human race EXCEPT
outlawing the use’ of insecticides (70%).

94
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307. Any galaxy contains many stars (69%). More than a
fifth of the 17s chose the response "planets"  (22%).

" 308. An electric current in a copper wire 1nvelvee mainly
the movement ef electrons (69%).
309. = The iﬂea of natural selection is usually associated
: with Darwin's theory of evolution (68%). Almost a
f£ifth of the 17s said they didn't know .who had -
Prepceea the theer (19%).

"310. ‘Changes such as the conversion of 1lmestcne to merble
_or of soft coal to hard coal are explained as having
been brought about by heat and pressure below the
Earth's surface (69%). . )

A gecd many 17s chose the correct response to exercises
calling for the following lnfarmat;ena

311. The solids llquld and gaseeus states of water
- differ in the average speed with which the molecules
are mQVLng (65?).

312, Ce:taln weveleﬁgths of light can be detected with
- unaided human eyes (61%) . The choice, "X-rays" was
 made by 17% of the 17=. . L '
313.. Research into the nature of mate\r shows that it is
made up cf 1nd1v;dual mcv;ng pert%cles (58&).;

314. Glraffes have come to have such lcng neeks because
. ”,thcse born with the -longest necks have been able to
-~ stay alive when food was scarce, and have peeeed
) this tralt on to the;r offspring (58%)°.,
¢
315. -The temperature of 2 plnte of weter at 40 degrees F
' mixed with one plnt of water at 100 degreee F w;ll Qe
- about 60 degrees F (57&). :

'316. . Aarenallne acts as a ‘stimulant to the heart (56%).
317. Mercury can be enclosed 1n glaee to meke a thermometer
because mercury expands more: than glass when both are
heated tcgether (56%) . - e - :

-t




.318. "Atoms are. rearranged into new molecules" most-
nearly describes what occurs for most chem;cai
changes (54?)-

319. The l@nge; a rock falls, the greater is its speed
(54%) . Two- other choices, acceleration (17%) and
. pctentlal energy (lSV) 'were popular incorrect
- responses.
320. A boat.travelling at 5 miles per hour down a river
' which flows at 5 miles per hour will: take 60 minutes
to go 10 miles dcwnstream (54%). S

321, A body cgvering'cf-feathers is a characteristic of
birds but of no other animals (52%). Slightly more
than a fourth of the 17s thought the "ability to
fly" was a distinguishing. characteristic (27%).

[ 322, ' The highly efficient use of food by the body may "

: : explain why a person who is a light eater tends to
be overweight (49%). A fifth of the 17s thought
"a tendency toward nervousness" would be an
‘acceptable explanation (20%). '

. 323. The purpose of a fuse in an electric circuit is to
prevent possible-damage to the circuit (49%) .

- 324. C- abave<midalé (o has a hlgher frequency and shorter
wavelength than m;ddle C (467). ®
g : ) 325{ The . functlon Gf the placenta in a pregnant human
B L female is to carry nourishment to the baby (41/)
i - ..~ More than a fourth of the 17s said I~don' t-know:’

, (27%) . S

326.  Addj g table salt .to water results in the water s

R . . .  freezing at a lower temperature (36%). Mc;e than

i ’ " a fourth of the 17s thought it would_result in the

: . _ ”Ewater s evigcratlng faster (ESA)QW :
327. Molécules ofyalr carry scund to yaur_ears,fram

" radio or television receiver (35%).. ‘"Radio waves'
was ghpsen by,397 of the 17s. ' : :

198 .-.96. o /,,1/ \




328, If the cells referred to were all in the same
_organism, the amount of DNA present would be
identical in mature egg and sperm cells (34%) .
Almest half of the 17s said they didn't: know. the
correct response (45%).. '

Rather few of the 17s respcnded correctly to the following
exercises:

329, If two light waves are travelling in a vacuum, the
wave with the higher frequency will have the
shorter wavelength (32%). A fifth of the 17s said
they didn't know (21%), and 23A chose the incorrect
response, "longer wavelength."

330¢ Oon the average, in human females the egg is released

' 14 days after menstruation begins. (29%). A guarter
of the '17s chose "2 days;"‘and 1.8% said they didn't
know. .

331. Under conditions specified in the EXEICLSE,.the

' resistance of a resistor X is 5 ohms (25%). Almost
half of the 17s said they dldn t know theé correct
answer (48%). o

332. _SC1entlsts can determine the age of certain rocks
= and their fossils by measuring the amounts of’
uranium and lead they contain (21%). Each of three
other choices and the I-don't-know réspc?se also
were chosen. by about ED% of the-l7s. - o

333. Exper;mants in which subatomic partlcles were shot
at metal foil showed that atomic nuclei are more
dense than the rest of the atom (18%). More than
half the 17s said they didn't know (54?).

334.. A substance synthe51zed in one part of the cell and
\kx then later broken down in other parts with a resultlng
' ‘release of energy is ATP (17%).




335. - Uranium-lead datirig has been used to obtain accurate
estimates of the age of the oldest known rock strata’
(9%4) . A fourth of the 17s chose '"radiocarbon dating"
as the correct response, and 38% chose "correlation
" of age of fossils contained in the strata."

336. Tin and sulfur are 0x1dized from elements given in -
an equatlan (6%). The I-don' t—know alternatlvp was
used by 41% of the 17s . : :

337. Métal cans for hclding fécdstuffg are chiefly made .

of iron . (3?), More than 90% of the respcndents e

;thought metal cans are chlefly made of tin: (93%) .

338. Given the candltlcns of a hcrlzontal ‘wire extending
o in the north-south direction and a compass placed
o dlractly beneath the wire pointing east, it would
be most reasonable to infer that electrons. are
flowing north in the wire (3%). Thirty percent of
the 17s chose the incorrect response, "the wire
is magnetized," and 31% chose I-don't-know.




;”"!
I ,
: a .
- EXERCISE 301 EXERCISE 302 v ,
S {17: 5~3) {similar to Exerclsa 401) {17: &~3) (everlape Exercise 204)°
. . »
! Whieh of the following groups, of animals and plants would Which af thes following would most closely represent a
. be found in a desert community? g . balanced meal?
. g 7 <
Age 17 . Age 17
0% 0 Ground hegs,,deer, cak, fexrn .  _ e '
= = ~
. 0 o Grizzly bedra, buffaloes, fir, grass C:
. —
5 e : - Lilies atrai . N
o © Ducks, herana, woab. ilies, cattails 195 % @ &isak, bread,
o © . 8tarfish. gand d- :, kelp, plankton . }
ag ® Snakea, road runnears; -cactus, sagebrush N
- i
" o g I.den't know. N
[ Yio response R '
98 % N . -
; i3 a
. >
3 .
- - - = 1
1 .
,_\ R - - .
. ] 1 don't know. . -
/ 0. Ho responssa
100 % '
x 2
A—— N— N— = - — - " — - S——— . —— —
- 1
EXERCISE, 303 { EXERCISE 304
s (172 7-4) (17: 10-10)
At the present time nearly all gasoline comes £rom Which of the following animals that have been found as fossils
' . . ‘in rocks have NEVER beén ssan alive by man?
~hge 17 .
. 4% 2] [-L-C . Age 1:7 )
93 ™ petroleum. B9 % L ] bingzaurs
0 o watez. . 1 °
2 o weood, . . Y ., Z <]
1 Q
v ‘z 0 I dem't knew. i o
4 .
g Q HNog response @ W i
! e : o
FA 99 % . R
- . Ko regponse —eaa
5
. v
= il
* s fa
. . i
: - ‘ <
. . , \
. Fad . N
. - ———s JE— B
\(ell SRR h 111
EMC . : S S5 TR S ) - .
N A\ ! . n
. . - . ' :



EXERCISE 305 : . - EXSRCISE 306 ' L .
{17z 8=1) (overlaps Exarcise 212) (gimilar te Exerciazs 403) (17: 6-16) (overlaps Exarcisa 417)
Information absut w one of the following is most im}ﬁéftant
in predieting weather to the human race EXCEPT
1% o ‘The svailasbhle suppliea of. wakser " . -4 0 irrigating crops.
. N - . B
9 a The daily extremes of humidity 1z © developing hybrids.
1 ¢  The daily extremes of wind speed 2 © improving fertilizers.
-9 P} The duily extremes of temperature 70 # outlawing the uge of insectigides.
77 ® Tic mavement and characteristics of air R 10 © controlling the growth of undaesirable
masses ' N plants.
4 © T don't know. . ) v 4 O I den't kKnow.
Heo response
. M U
101 % Ho Eesgex?se -
i . + ey N .
- o
. b .
EXERCISE 307 . EXERCISE 308 s
! . . ) - . {17: 5-5 . P -
(17: 2-3) ] N { 5-5) {averlaps Exercise 410)
. £ - N N . . N
. . An electric current in a eopper wire involves mainly
Any galaxy contains many the movement of - )
A - _ - _ -
JAge 17 . Age 17 - . . -
2% o meens - S % O copper atoms. .
22 o planets. 10 O Sopper molecules, -
° satellites, &Y . elec‘t{rans!
.69 ¢ srazs. ' . 3 o ‘ndutrona.
inds.
. 1 [s] w;}.rx,s_ R 2, O protonsg.
. 2“:&‘ Q I don't Xnow. Pl 51 don't know.
LA - . . . =
res .
g Ho response . o No response
lo1% : . S _ : ' ‘ 100% )
A .
. ‘ -
- ) M % . N
& ® . 8 .
N .
f : ' - : ‘ - .
- - B - . = .
. .- o - . , -
o 112 ‘
e . . . . _ e . - P




EXERCISE 309 EXERCISE 310 -
{17: B=6) (overlaps Exercise 40%) (17: Lvlﬁl)
B The idea of natural selection is usuvally cssociated .,
with the ‘theory of evolution propassd by
Aqe 17, ) —_
8% @ Charles Darwine T . )
! 123 [+] by sudden ceoling of the material..
3 © Edward Jenner. N
1 M e by exposure to gases from a volcano.
L2 O Jean Lamarck. R s : N
_ 1 a Ly gxposure to an undexrground river.
O Louis Pasteur. - )
o 3. [] by the action of CO3 from ths atmosphere.
1 O Jonasz Szlk. . s 5
i &8 L ] by heat and pressu below the Earth's
, i surfaca. N .
19 o I don't know. f { . : . .
a No response ‘ 14 © 1 don't know, T ———
- : o™ Mo respanss . . & .
: - ‘ 100 %
&~
1 i = )
- ° - ?;
2 .
= - hl
R . .
= L4
= L3
EXERCISE 311 i EXERCISE 312
(17: 6=1) {overlaps Exercise 426) (17: 8-7)
The solid, ligquid, and gaseous states of water differ Which of the feollowing can bo detected with unaided human eyes?
in which of ‘the following ways? - ) :
7 s X=rays
ber of protons per molecile . .
; . 3 Q Radic waves
numbeyr af electrons per molecule L.
. N j ] B 7 a Television waves
- The net charge on the individual molecules . . - : P .
- = . 5 [+] The Earth's magnetic field
7 The number of neutrons per individual &1 . ertain wavelengths of lig
molacule . : ) 61 [ ] Certain wavelengtha of }Lght
. 65 @ The average speed with which the molecules _ T don't k
ars moving, : R - 7 o I don't know..,
: Ha response
20 o I don‘t know. ) N ) ' S
i . A 100% 4
- o * Ho responss e . e .
- - £
101 % - : ' -
a - i
=F -
= ’ ~ -
'd - .
i - B .
a . ., K
* : - ] =
S
* e 4
. . %, - . . B
Q - X : . ;
- " : B . _ - .

L




{(17: 9-9)

research into the nature

als

H
w
m

EXERC

EXERCISE 2114

(similar to Exercise 222)

in terms of thg theory of natural selesctior., what is the

a¥ 1 of why giraffex have come to have such lang necks?
Az 17 )
. . s . e
14 % o conti s uniform material. hee, 17
et Eere A i 12 % [s] Stretching to get foo
o) o uniform stationary particles. made their necks longer
58 - ;nd;u;dua} moving particles. 1 s There is something insid
2 o smooth relling diska.’ keeps making longer neck
2 Q rigid cubes. & o Giraffe food contained wvitamins which caused
- tha vertebraeg to leng .
14 o T don't know. : 13 Q Giraffe necks have gotten longer and lenger ™ :
o o .as time gone o©n, but no s has any id
G Ho response why this is.
99 % . 58 - Giraffes born wigh the longgst necks have
. ) . P n able to stay alive when food was scarce
@ have passedzthis trait on to their
- - ffspring. .
10’ O I don't know, '
o Ho response
. ’ 100 %
- = - \\
. -
e
, ':! -
;
¥ /4 ‘
’ - 2
U | . /
LT _ 4 -
R . n
R , x
. EXERCISE 315 - . EXERCISE 316
(17: 7=12) . {17: 19=2) (overlaps Exarcisa 406) .
I 2 pi.m;g of water at 40 9F are mixed with a pint of water at 1 ng acks &s & atimulant to the haart?
1009 F, the temperature of £he mixture immediately after =
#  mixing will be about 7 . : « : -
’ . ' L ] Adrenaline
Age 17 . "
L - . 2] Aleohol
2% ja 40CF. - R
3 _ - 2 © - Aspirin
a8 [=] 509F. .
_ . - B 9 Q Barbiturates
57 [ 6GOF, - . .
i K ., I [s] Penigillin . T
15 o BUSF.- - : .
3 o0 " 1009F. ) 10 0 I don't know.
= < 0 Ho responsa
1a [s] T don't know: = — . ;
Ne g&spaﬁse i B R 99 % :
B . =
B B =
- - - . =y . .
. . - .
- = @
. ) -
= = . Sy
. N C -
, % A A
. '
- s ) . .
Q - . . .
ERIC . o STy N
; -




 Mercury can ba enclosad
because mercury

EXERCISE 318

n

of the following most nearly

Y _hge 17 ) )
8% O iz a metal. LB % [«] Atoms are formed from enérgy.
, 0 is more dense than glass. 17 [+] Atoms are converted imto enargy.
11 - 0 econducts heat better than glass. 54 & Atoms8 Are rearzanged into new melacules.
- 1
9 © hasz a higher specific heat than glass. 4 o Molecules are formed from energy.
56 [ a 9 O . Molecules are canverted into Energy.
13 [s] I don’'t know.
11 o ‘0 : No response .
a ————
—_ P 101 %
100%
= = B -
. - o
1 . £
; R .
I’ , -
7 : .
. ’ h
/
/
N E
T P - _ &
s ' .
' B 2 - ‘
. EXERCISE 320
. {(17: 6~18) (overlaps Exercise 415). -
. EXERCISE 3 i : e Tio . )
J - \ A metor boat can travel 5 milgs par hour on = still
. laka. If this beat travels downstream on a river

{17: 9=12) (overlape Exesrcise 418}

A S—-pound rock i= dﬁ:’aépea, from a cliff
The longer the rock falls, the greater

500 foat high.
is itm

Ade 17 . .
17 % O aceceleratioh. .
. 18 © pokential energy-
54 8 spsad .
. 0 total snsrgy.
3 o - volume.
3- 0 I don't know.
.0 " Ne response - 7
101 % .
B - .
* r
T
o/ . .-
2
Q : L

that ias flowing 5 miles per hour, how long will it
take the boat to reach a bridge that iz 10 miles

downstream?
; /hge 17 .
13% . © 15 min.
1ls Q 30 min.
[ o 45 min. -
54 | ® 60 min,
4 g 75 min, =
E it B D *
8 o I don't knew.
.oy He response ° o
101 % - e
1 i . *
- -
. .
o
- N =
. hd - -
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, .
B EXERCISE 322

{17: 1-3} (cverlaps Exercisze 421) .

If a person who is a light eater has a t_éndéné:—y t& be

everweight, it is most likely due to - -

1% 0 oo much exercise,
3 ' 0 a carerdlly balaneced diet.

20 ‘0 a ta ney toward nervousnass.
15 O an sxcessive dosage of vitamins. .

< .49 ¢ highly efficient utilization of food by
iz 0 I don‘t know. X

. Q No response S
. K 100 % :
ES R . - a
#
z 3 ' : \
f s . .
R . N B [T
- £ B a
. e - = N i
= EXERCISE 323 EXERCIEE 325‘!
{17 } {sim:ilar La Exercise 408) =L (17: 3=3) - '
. . . .o : ot . -
. - . L - L . i - .
a fuze in an electriec eirecuit is ‘ . The musical note middls € is ssuntled on a viosl sk
- o st then € one octave higher is spundéd on the same 2tring. S
.. , - Pl . s : R
. ich of.the following ia correct in comparing. the two notes?

O

RIC

F 1 .
i o R :
- . - . E

'k

the currant in the cireuit,
fosac the voltage poross the circuit,

a. the resistance of the circ.it,

?f;\"i‘ﬂi pousible damage to the circuit.
' .5 rpafias the temporature of the wiras ia the
aifmjit.
B &
{ B
o F dcll','t know.
Ho gnsponsge

!
/

an

| I . oo

Both haye the same freguency but different
- " wavelangths. -

Both have the same frequency but different -

10 a
amplitudas, . e .
) 0 Middle € has a hLighsr frequency and lenger
wavelength. i
.46 . L c C has a higher frequency and sharter
- wavelength .
- 22 . 0 I don't know. .
= ¥
4 Ho response
' - <
100% . -
- . .
. R
- Ol - ;__“ *
= +* N h
Eal i : ' AN
1 ) ¥ = )
-~ ) T . .
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EXERCISE 32% . EXFRCISE 326
(17; 1=8) Exercisc 4120) ' o {17+ 9‘;4')
Hh?a,t is the funeti of the placenta in a pregnant human Adding table salt to watar results in the waksr's
female? X . . *
Age 17 .
2 M - i3 : El
. X N . 6% [ ] freszing at a lower tempsraturdy
@ Teo push’ the baby out at bkirth N . . N . <
. i . 19 [s] shanging intos its alements,
Q@ To kesp tha baby warm and moist T . ' . B
) : v . . ;j 28 o evaporating faster. .
41 ® To carry nourishment te the baby . T -
. . R L o dissolving more& air. .
13 G. To cushion tha baby against shocks ) R
_ . . . N 1 o becoming ragieactive.
5 O To keap the babl''s body temperature . i Co . -
constant C . . . .
. N 12 a I don't know. . .
i\ 27 don' - : Hi 7 i
7 0O I dan't k,!'iﬂw.: . ! ; 7] ) Ho response. L.
[s] Ho response ’ *
101 % .
99 % .
;
i
i ; : , .
- - : ’,- _ .
/
el /I‘ . =
. / =
;
.
I3
s T .
Gt ) / .
E / B
j )
. ;
= ’ ', - .
o aan / -EXERCISE 328
EXERCIEE 327 - : -
i . . . . ‘
; (17: 3=6) (overlaps Exercise 431) - . 2
(17 2-4) . - i 2P .
. - .. o . L I . If the cells referred to were all in the same organism, in
What carries sound tr your ears from a radio/or televisien which of the follewing is the amount of DNA .present
2  receiver 15 feet away? : ‘stated correstly? . -
Age 17 ; ’ ' ' ) ’ ’
¢ : 8% © Electiic currents ‘® It would be idenptieal in mature egg and”
Ca35 ) Molecules of air sperm cells. Tt - R
io o Polarized wavas 3 0 It woull be ‘dentical in sperm cells and . ]
| o liver cells. B
39 o Radie waves . . .
. B . © It would be identisal in a mature egg cell
. L . and a brain cell. .
7 L0 I den't know. [N N 3 .
L . . O It would be half as much in a thyreaid ceill .
LI No response - ) as in a liver cell. ;
2 99% . ) - ) 10 O "1t would be half as much in the fertilized ) -
. / Lo . adg as in a thyreid gland cell. : }
N i
- 5 ; PR . 45 O I don't know. :
= : : N D B o o \. “¥ao response e . B . . L
R 5,
. . : - B 101 <%, . = g
- . " v
2 5
! :
- = i = - ° '
B *
\ !
. « 3 .
l; .
. 3 =7 . ~ - M . y -
' / s - .
/ i

L &

i




R

- = EXERCISE 329-

{17: 7=10} (similar to Exercise 430)

Two light waves are in a vacuum,

higher fraguenmcy will

EXERCISE 330

{17: 9=8) (overlaps Exerc.sa %16 .
. N
on the averagse, in human females, the egy is released how

many days after menstruation begins?

Age 17 - . 17
Age 1
14 % ¢ . higher speed. .
I3 - : 25 # a. 2 days
3 a lower apeed. t.
12 Q 39 days .
23 6  1longer wavelength.
.29 # 1la days
32 @ . shorter wavelength. P - .
: 4 0 20 days
7 o more nearly horizental<direection.,
. Lo 11 0 24 days
21 o I don't know. is O I don't know, . . .
Q N ) Ho responss . 1 No response
100% . o : - 100 % '
. d
¥
. EXERCISE 331 EXERCISE 332
(17 $-5) (17: 7=7) ' (overlaps Exercise '433)
In the section of the electric sirfscuit shown below, tha Sedentists can determine the age of certain rocks and their
voltmeter registera 100 volta snd the ammeter registers fossils by measuring
20 amperes. If the conneecting wires and the afmeter '
have negligible resistance, the resistance of resistor
X is : - - 5 :
s 3% O their specific gravities.
Vcl}rg:t:r .18 © their erystallins structure. e
g —J = * 22 G the rate at which they have ercdsd. - .
. 7 18 a the ratioc of ealeium ko phospherue in them.
:  Ammeler 1 ; ‘of uranfum and 4 ; t
X o A i il 21 ® the amounts of uranium and lsad they @ontain.
Resistor X 18 © I don't knew.
L R 0 ¥o ‘response .
L 100
: 1 shm. s - o # - - :
25 ® 5 .chms. S \\,
0 10 ohms. ' . N i A -
3. -0, a00chms. . ., .. ., -
18. o X000 ehre. - P + . o . . .
- ‘ . PR ) SN T v & . ) W = l
. a8 O I den't know. EI . ' ¥
§ o Ho response i ’ % i
100% , , i T : .
. R as ' = 4,
. B ‘ . - « ¢ . .
f o - - .
M .
B A !
- . . s .
(;" . 1 =
’ @ i e e ‘ . - #
L H . .
N 1 Ta
h> e & . ;
CERICT < : \




{(17: 9-3) -

Experiments in which subato
foil showad that atomi

(17: 7-3) .

Which of these is synthesized in the mitochondria, then 1
broken down in the nuclsus and endoplasmie retieculum, with
resulting release of energy?

-

Aruitox providsa by enic [ s . oL e e

Which of thesa hae baan uSad to obtain accurate astimatés

of the age of the eoldeat known rock straka?

- Age 17
N . & -
25 % O Radioecarbon dating B
a ® . Uraniuwm-lsad dating _
.2 O Potassium-argon dating. .
11 O Estimatidn of sedimentation rates -
s o n of .age of foasilas contained
- in the strata -
15 0 I don't knew. R
§3 +NO ' responga -
. 100 % - }
R %
&
- [
‘ - .
A
-

(17: 8=13)

In the eguation bélow

which of the fellowing elements are
oxidized? -

SnS + 4HNO3 < 5 + SnO3 + 4NOz + 2HZ0

Ags 17
3 [ ] Tin and sulfur
18. [+] Tin and nitrogen’
11 ] Sulfur and oxygen
13 o' Oxygen and hydrogen
10 Q Nitrogen and oxygen
41, o I den't know.
P ] Ho rasponsa
99 %-
.
" & .
. i : :
. A o
i = .
&

-Age 17 :
Age 17
ER-1 [+] rotate unterclockwisea. =
i 17% @ BTP
11 [s] are electrically neutral, B
19 [s] DHA
18 ] o than the rest of the atom. ~
. . . . i3, O  RHEA .
10 [+] and fro in szimple harmonic motion. i 7
. 41 o Lysosaome
= 3 o] are nearly as laige as the atoms that contain . .
them. . 3 © . Golgi body
54 o I don't know. . - 44 o I don't know.
o] No rosponas o HO responsc B
. 99 % ! ) 100% v . . -
. |
EXERCISE 335 ) EXERCISE 336
(17: 5=6) (overlaps Exercisa434 )

'




{(17:

9=2)

EXERCISE 337

Matal cana for holding foodstuffs are, chiefly mide of
e L3

-]

EXERCISE 338
(17: 6=7)}

ntal wire extends in the north-south direetion.
When a CDH\PEQS is plaea,d directly beneath the wire, the
compasg needle turnsa ;&d points east. It would be most
reasonable to infef tﬁat .

2% o COPPEr.
3 L] iron. .
' 1 ¢ nicksl. - 3% ® . electrons are flowing north in the wire.
93 o  tin. 5 o electrons are £léwing south in the wire.
/ 30 ©  the wire is magnetized.
O 7I don*t know. = . ) e .
. 13 © . the wire is positively charged.
0 No response ,
Fe 17 @ the wire is negatively charged.
100% .
N 31 =] I don't know.
' No response
. v
' . 29% .
~ 1
. ' . k
. . .
’ i [
“’.
¢ ) : R
. v
. /
. R p
- ® - fa "J
- ) i .
- \_" £
. L . ;
. Lo
B
- ' ¢
s . ' -
\'. s . . P . =
a -
w!l‘ - . =
. '
o .
"ERIC 0 ’
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o

Age 17 - ~ N\

Objective II. Poséess the Abilities and Skills Eeeded'tc

General Summary

The exercises under this objective require a respondent to
use scientific apparatus, interpret data given ‘to him, ang
explain certain natural occurrences. The 17s were able

to show these abilities and skills with varying degrees of

success.
Mdst 17s could:.

339. Give two or three reasons'Why the enginé cfga car

340. Interg;et_tabular data to correctly determine which
series of four weights best establishes that ‘one
object is heavier than another (81%). - :

341. Balance a beam balance with a weight (75%).

342, Recognize that disturbing.the balance between hawks,

- " rabbits, and grass in a particular meadow by
‘'degreasing the number of rabbits will also affect
the number of hawks and the amount of. the'grass (68%) .
A fifth of the 17s did not think upsetting the
balance would affect other parts of the sys “em (20%),

A good many 17s, when presented with exercises calllng for .

" the following i Eormatlon, ‘could: -

343, . Pick-a thecrétical statement out of a set in which the
other statements are facts or opinions;:.(59% selected
the correct statement "mesons account for the.
stablllty of the nuc1e1 of platlnum atoms").

5 -

- 344. Time the“operatiannéf-a pen&ulumhaccurately_(56%);

345.. - Pick a statement regarding conservation of matter as
the best explanation of the remark, "Some carbon
atoms in the bread that I ate last night might have

. once been part of a dlnosaur s - bady“ (40%) .

[

»ioé ‘_ A ifl 21 : \\‘



Rather few of the 17s gave the correct response to the

following exercises:

346,

- 347.

348,

If the linear dimensions of a cube-shaped cell were
doubled, its volume would increase 8 ti.es (33%) .

Explain why a flask loses weight daily when it is
planted with corn and stoppered with a one-hole _
stopper (18% selected the hypothesis that seedlings
use starch in the seeds and give off gases that

escape; 29% said I-don't-know).

Determine the density of a wood block given various
bits of appropriate information (12%). ’ ‘

. . B . ; ) : ) }
£ : o 110 » S _ s
AR ‘ oo N



EXERCISE 339
(17: 13 = 20b)
B. A car stops at a traffie light and the engine stops
running.

raagons why it will not start again.

Ags 17 J1.

The engine will not start again. Suggest thres

humbax of '

acceptable

responses

N ’ no 4% — e =

A rasponse was scored succesaful if two or three reasons

wers gilven.

EXERCISE 339
{zontinu. 4)

(17: 13-20b) .

only the.first three reasons given by the assesse
considered. ’

Roceptable reasons (1 poin
a total of 3}:

1. No gas,

2. Battery faulty

3. starter motaer faulty

4. Engine (carbureter, cvlinders) flooded
5.  Sparkplugs faulty

&.- Break in an eleetrieal eircuit

7. Fuel line blocked

Idle mstting improper

9. Clutch not depressed

10. Engine cold

il. Vapor lock

12. Key stuck in ignition switch

13. Pointe faulty i
1l4. Engine wet ‘

15. Carbureter faulty

16. Distributer faulty

17. Choke stuck

i8. Generator faulty

192. BEngine (pistons) frozen

Unacteptahle roagons (ne points):

&
M 1. original reason for stopping persista
2. Oar in such conditien that it won't start
3;, Transmission won't-go into first gsar
. 4. Some-part of engine has failed
i . 5.« Insompetent driver
6. Lousy car
7. 'Car has stalled
. < 8. Engine has burned sut
i .ﬂ 9. Engine dead
E - 10. Engine won't turn over
: . ; 11. Bad engipe
{eontinuad on ngxz,;aggl ' 12. Engina blew up
' 13. ©€ar needs tune-up w
3
1
- . \ .
- i
- - \
.'/ ’
: . EXERCISE 140 - ' EXERCISE 341 :
{17: 1-1) * (overlaps exsrcises i35 and 439) _ ;
(17: l4-=12a

In saceh of Fiva sxparimants, two oh;ects ware waighed
four timeas each. Ai 1 experiment gives the atrongsat
evidenoe that objagt I weigha more than ebject II?

’

- : . . object I  Objeat II
a1 % ® ‘Experiment A 80 1b. 70 1h.
81 1b. 89 1B,
- ’ } B0 1b. 71 1pb.
: : 82 ib. 70 1b.
4 "0 Experiment B . 69 1b. 81 ib. -
- : ¢ ¢ 71 1b. 82 1b.
: 70 1b. 80 1b.
: ] 70 1b. B0 1b.
1 . @ Experiment C 70 1bs ao 1b.
- L - 75 Ib. ' 75 1b.
: ) © 77 1ib. 73 1b.
: . - BD 1b. 70 1b.
1 0 Experiment D 80 1b.
. 75 1b.
o 73 1b.
70 1b.
57 O Experiment E B0 1b.
: : 79 1b.
. . 78 1b.
G 77 1B, - 74 1b, 7
Y " @ 1 don't know. .
i 2 Ho rasponss !
a 59 %

The apparatuz also ‘included fishwe

)(averlaps exercises 234 and 438)
Pivol point

Tha apparatus before you is the same as thab ‘shown in the
pleture. This balance is balancéd when thé balanse beam iz
level aa shown above. The number by each mark on the besm
talls the number of inches that mark is from the p;vet point.

s

1. Pplace one weight in the balsnce pan, How many inchas
£rom the pivot int is-the hook on whieh you must hang
one weight .to g

halancg? j!

£ A

Age 17 '
75 % Correct T
22 ‘Incorrect -
2 Ho responss
99 %

hts, one to place in the
chigve balance. Ths

respondent was given 20 minutes to find the answer ta this

and other guestions 1nva1v1ng the use of the apparatus

(see Exercise 348). .

balance pan, and another to use-t




,E%}{ER&ISE 34z

(17: 5=8) (overlaps Exsrecise 449) !

In a particular meadow there are many rabbit=s that eat

the grass. Thare are also many hawks that zat the T
rabbits. Last year a disease broke gut among the rabhits
and 'a great number of them died. Which of the follaw. g

probably then occurred?

Age 11,

4% 0 The grass died and.the hawk population
decreased. -

1 5 The grass died and the hawk population
incressed. . -

68 ¢ The grass grew taller and the hawk
population dacrzased. .

4 © The grass grew taller and the hawk population
ineréased. o

20 o HNeither the grass nor the hawks were
affected by the death of the rabbits.

2 o I ﬂ,u::n;‘l: knew.

1 Ho rasponse . ’ , B

EXERCISE 2
2=7}) - - i

of_ the following is.a theory ‘rather than a fact
opinion about platinum?

Age 17 i ,
5% ] Platinum iz a mestal. -
5 o Platinum ig more dense than water.
a o platinum is the most beautiful metal.
12 o wedding bands should be made of platinum,
59 -} Mesons account for the s*alnl;.ty ﬁf tha
& nuclei §£ platinum atoms. o L R
11 ‘0 I don't know.
o] ) NG response
—~100 % . -
. B
e

EXERCISE 344

14-1241), and 31 )

" -
o
~d

{overlaps exgrcises 237

~ .

Tha apparatus 'befufe you iz a pendulum. You have a watch
, .or clock alse. - 7
1. Hew long doea it take for the weight\ in tha pan on the.
end of the string to swiny beck and forth ten times?
. seconds (An. answer between 11 and 15 seconds
cored correect.)

was
. Age 17. -
. . : 56 % Correct : .
Tar . Incorrect N o )
— 3 No response '
100 % ’

ERI

Aruitoxt provided by Eic: . . B . -
g + - B B

. :
E}ER';I?E 345

(17: 3-4) loverlaps Exercise 4431) - - C -

A ‘atudent made the following state
in the bread that I ate lagt night mighlit' have onea been part
of a dinosaur's body." -

‘Whigh of the fellowing is the best' appraisal of :ﬁa'stuﬁanjt—'.ﬁ

statemant? This Statement
- ) [
Age 17 o
. . 6 % o contradiects tha law of canaervagian oE
N mattez.
. L2 o iz ridieunlsus beeause dlnasaurs liveﬂ €0 g
X 2 long ago.
_ 40 ® ‘could be true because wtoms are raraly
- . . eraated or destroyed. -
24 0 could ba true cmly if the bread was grown
4 + in eeil containing dincsaur fgssils,
< 1s © could not pessibly be true because dlngsau:a
wara animals ‘buk wheat iz a plant.
11 0 71 don 'k know.
a - Ho response . ’ R
%8 % s



. FXERCISE 346 i

5 '(1?2 5=14) (éveriaps Exersiaé 444 )

(17: 11=3})-

Qorn is pianted in a f£flask as shown belew. The flask is

the picture.  Ti balance is balanced when'the balahce
beam is level as shown ahove. The number by each mark
on tha beam talls the nurmbsr of inches. that mark is

- from the pivet peint. . : . .
{The apparatus alss inzluded 10-gram fishweights, a centimeter
ruler, and a block of wood 10 x 3 x 2 centimeters. Respondents
were given 20 minutes to answer several related guestiens H
(e.g., see Exercise 341). The following guestion was

preéeded by others which required’them to make measurements
which would assist them in anawering it.)

5. What is the éénéity of the wood block? It is _
. . -'grama per cubic fentimeter. (An answer between .38
i and .64 was seored ‘correct.) .

' © B3 - K
5 . » ’ )

: wox "* . o ‘
\) - : . . ; ’ . g ) S - |

- '23@{*%@1'6: cgl,;l-j,'is shaped lika a euba. If all its linear weighed each day for three weeka. The flask shows a
%m?na ons were doubled, its volume would iﬁ:fgase daily weight loss. Which of the fallowing is the beat
= 2 explanation of this K loss of weight?
Age 17
5 % o -Onse-hols Stopper
22 o
15 [e] . -
. : Glass Flask :
- 33 [ ]
- 16 0 16 times.
9 0 I don't know. Corn Seadlings
.o Ho responsc Dist
100 % ’
© The original-water ayaporates within
" the First day-
P 11 © carbon dioxide is lighter in weight
. than ordinsry air.
* g ] Seed material is changed to leavas
and roots that weigh less. -
: : ia ® The sdedlings use starch in the
. seeds and give off gases that escape.
16 O . Dey air anters through the stopper and
. replaces the meist air in tha flask.
. o .
) 29 O I don't know.
s R I No respense
99% y
’ } 5
. .
. i i )
! '\ ©
w
: ) - ~
*  EXERCISE 348 — . g’;
{17: 14=12a5) (overlaps exercises 240 and 445) "
. . ; Pivot point i . - ’ .
e r—mu . y 3 o ) - - - . i\
- - B o ¥ = -
Balsnce pan . - -
—_— —T
. The apparatus before you is thé-samé as that shown in B

“

.



- Age 17

Objective III. Understand the ‘Investigative Nature of
' ‘Science -

w

General Summe£i
. . : ‘ . . . )’If
" Three multiple=choice exercises arereleased. Two of them
most "17s answered ccr:ectly but rather few answered the
third correctly.
349, Most l7s Ldentefled methematlce as ueeful 1n
’sr;entlelc research (92%), ,
350.° Mcet 1ndleated understanding that measurement 1s
not exact (72%).  About a fifth incorrectly chcse\\
the response, "all of the measurements will be °
exactly the same" (19%).

351. - Rather few selected the klnetiCEmcleeular theory

o as a generalization of the gas laws of Boyle,
‘Charles and Graham (29%). Almgst half said I- —-don't=
know (47%).

- - . . - -




- EXERCISE 349
{overlaps Exarcise 241) . . o

which of the following is most useful in

EXERCISE 350

. . .
(1l7: 4-7) (overlaps exercises 243 and 446)

Whenever scientis=ts carefully measure any gQuoaticy many times,
they expect that : )

Age 17 . Age 17
1% 0 Masic 19 % © &8ll of the measurements will be exactly the
1 O- Magic- .. sames : o
1 6 Marketin o N 2 a only two of the measurementsswill bc exactly
y g - i = the same.
92 & Mat ics' < i
2 @ Mathematics \'-\ : - 3 @  all-but one of the messurements will be
4 "0 Manufacturing - exactly the same.
a . : 7z & mast of the -measurements will be close but
1 © I don't know. s not sxactly tfie same.
[+ No response . ) -
o I don't know.
ol -
100% 0 No respense
. 99 % i
N M K
. EXERCISE 351 i
* k)
(17: 2=5)
law, and Grél‘gamisk law dealing with the . . - t
all be.generalized in terms of which -
T .
8% o Quantum theory
4 U Recapitulation theory :
s e Bohr theory =f the atem
29 ® Kinetie-molzacular theory ) . -
. 7 ‘e " Theory of natural selection
: _ - - s ¢ N B
47 0o - =
] ' ’ ’ ) - . )
‘100 % ‘ ’
. "/ . 5 .
! B i - -
[ I .
/ rs
L i
. 7
. # : ¢ .
" H - - :
N - . . -
- - =" -
- ) - =
e . . g . o o s
T et L T ¢ hE .- .
s S ) L, .- .- - ) - __ _ L




Age 17

Objective IV. Have Attitudes about and Appreciations of

Secientists, Science, and the Conseqgquences
of Science that Stem from Adegquate
Understandings

General Summary

There are just three exercises released for this objective.

When presented with the following exercises, most 17s:

352.

353.

Rather

354.

Recognized that scientists want to know more about
the world (81%) .

Recognized that United States scientists are not
ahead of scientists in other countries in every
field of research (76%).

few 178 indicated:

They usually look at special television programs
on scientific topics (17%). However, 64% indicated

~ they would watch such a preogram "sometimes."




EXERCISE 352

Most seientists

_Age 17
81 % [ ] want to knew more about the world.

1 [a] plan experiments as hastily na posriblea,

4 4 believe that some things happen without
causes.

3 [a] permit likes and dislikes to outweigh their
obzervatiol 5.

7 o] use facts gathered by their own experiments
and gbservations and pay no attention to
results of others.

4 [¢] I don't know.

o Hn responsg

100 %

EXERCISE 353
RELS)

(17: 4-8) {aoverlaps Exeorcls

scientists

3 arc ahead of seientists in othor
in asvery field of rgesearch.

17 4 0 I belicve this statemont,

76 @ I don't bolieve this statement.
7 O I don't know.
o Ho rosponse

100 =

EXERCISE 354

(17: 1l=10a) (overlaps Exercises 449)

(a) If you learn about a specgial television program dealing
2

with a ascientifi¢ topic. do you watech it?

17 % @ often
64 O Sometimes
19 O HNevar
0 ¢ I don't know.
1 Ho rasponss
100 %

ERIC

Aruitoxt provided by Eic:




Young Adults

Objective I. Know Fundamental Facts and Principles cof
Science

General Summary

All of the Adult exercises for Objective I were multiple-
choice. Young adults use the I-don't-~know response rather
often. Even for one of the easy exercises (conseqguences
of sterilizing an adult male) over 20% raesponded I-don't-
know while 72% were answering correctly. For the seven
difficult exercises released here, from 32% to 714
responded I-don't-know. This suggests that many Adults
know they lack knowledge of specific scientific facts or
are apt not to respond when they are not certain of their
knowledge.

The seven released exercises that were answered correctly
by most Adults deal with non—technical information that
might be found in newspaper oOr magazine articles dealing
with scientific topics or in television programs on science.
Five of the seven might be considered to have to do with
biology or medicine. :

The 20 released exercises that were answered correctly by a
good many Adults (between 34% and 67%) are heterogeneous in
content. Some might be classified in the area of general
knowledge (purpose of a fase) and others call for formal
education (flower seeds develop from ovules).

The exercises that few Adults answered correctly are guite
technical in nature, invelving knowledge that is likely to
be learned only in school and is reinforced by

experience by few young adults (e.g. the periodic table).

Most young adults responded correctly:

401. Snakes, road runners, cactus, and sagebrush would be
found in, a desert (25%) .

402, The sex of a human baby is determined by chromosomes
(91%) .

130

118

-l



4@6i
407.

A good

408.

409.

410.

411,
412.
413.

4l4!

The movement and characteristics of air masses are
important in predicting weather (85%).

A malady that cannot be inherited is whooping cocugh
(79%) .

Sterilizing an adult human male by "tying off" his
main sperm ducts will not result in any of the
following: 1) his voice becoming higher pitched,
2) fatty pads on his hips, 3) effeminate behavior,
or 4) longer growth of hair (72%).

Adrenaline acts as a stimulant (70%).

In mammals sperm is produced by the testes (67%).

many voung adults responded correctly that:

A fuse is placed in an electric circuit to make the
circuit safer (64%).

The theory of evoluticn through natural selection
is associated with Charles Darwin (63%); 30%
responded I~dcon't-know. :

An electric current in a copper wire involves mainly
the movement of electrons (63%). About 30% responded
I-=don't=know.

Flower seeds develop from ovules (62%).

Physical rejection of an organ transplanted is least
likely if the donor is an identical twin (60%).

Most of the chemical energy of the gasoline burned
in a car is converted to heat (60%%).

Sait carried by the rivers to the oceans comes from
beneath the ground (57%). :

If a motor boat which can travel 5 miles per hour on
a still lake travels downstream on a river that is
flowing 5 miles per hour it will take the boat 60
minutes to reach a bridge that is 10 miles downstream
(56%) .




416.

417.

418,

422,

423,

427,

The egg of the human females is released about ja
days after menstruation begins (55%) .

One could not increase the total amount of foad
by outlawing insecticides (55%) .

The longer a rock falls, the gréatar.is its speed
(51%) . - ’

Tha molecules of hot water are moving Ffaster than the
molacvles of coild water (49%). over 30% responded
I-don't-know.

Placenta in a Pregnant human female carries nourish-
ment to the baby (45%) .
If a person who is gz light eater has a tendency to

be Cverweicht, it is most likely due to highly
efficient utilization of food by the body (45%).

Most caves are formed by the action of underground
water on limestone (42%).

Bacteria do woT Play a key rol= in photosynthesis
(40%) ; 249 responded I-don't-know.

The chief difference between solid, liquid, ang
gaseous states of water is the Speed with which
molecules are moving (37%). Over 50% responded I~
don' t=~know.

In mammals the caerebrum is the center of memory and
intelligence (36%) .




Rather few young adults responded correctly that:

428,

429,

430.

431.

432.

433.

434.

If a man whose klood type is OA marries a woman
whose blood type is OB, their offspring could NOT
have AA blood type (31%): 50% responded I-don't-know.

The table showing relations among all the chemical
elements is called the periodic table (26%); 45%
responded I-don't-=know.

If two light waves are travelling in a wvacuum the
wave with the higher frequency will have the shorter
wavelength (22%). Over 40% responded I-don't-know.

The amount of DNA is identical in a mature egg cell
and sperm cell within the same organism (21%4). Over
65% respondz=d I-don't~=know.

The atomic weight of titanium is 48. This means that
the average mass of titanium atoms is approximately
4 times the mass of the atoms of a certain carbon
isotope with atomic mass 12 (l6%). Over 70%
responded I~don't-know.

Scientists can determine the age of certain rocks and
their fossils by measuring the amounts of uranium

and lead they contain (15%). Over 30% responded I-
don't-know.

Uranium~lead dating has been used to obtain accurate
estimates of the age of the oldest known rock strata
(3%6) . Over 40% responded I-don't-know. ‘



EXERCISE 401 EXERCISE 403

(Adult: 3-314) wEimilar eo Exercise 3jo01) (Adult: 3-9)

The sex of human baby ise determinedg by which af the

Which of tha following Sroups of animals ang Blants wsulg
un fallawing?

be founa in a desert comm ty?
_Adult
Ground hogs, dagy, ogak, farn 1% Q The length of the Pregnahcy
Grizzly haan buffaloes, fir, grass a o The mother's diet during Pregnancy
Ducks, hereng, watar lilies, Cattajilg 1 =] The thoughts and wishes of the mether
Enakes, rgad Tunners, cactus, sagebruah o1 L] Certain chromozemes in the fertilizag
Starfish, =ang dollars, kelp, plankten egg
1 o] The kinds gf activitisg in which the
. ther pa ticipatas qy i Pregnanc
1 © I don‘e know. Mother partic Pateas uring Pregnancy
1 ) N& response 4 ] I don't know.
—_—
100 % 1 Noe response
—_—
g9y

-
.
: EXERCISE 403 EXERCISE 404
v (Adule; 2-313) (similar to exerciszas 212 and 3o0s) (Adult: 1-17)
i
Information about whigh one of the Egllowing is most imporeant Bll of the fallawing “an be inheriteg EXCEDPT
: in Predicting weathey 7 = L 3 I EXCEL
‘ Adult Adule
i o . 7% o colar blindness,
. 3% =] The daily BXtromes of temperature
) i 2 (=] diabetes,
N 3 [ Tha daily exXtremcs of humidity
; L . . 0 ©  hemophilig.
i 1 o The daily extremes of wing speed
: . R . 4 [=] mongolism,
i 2 o The avsilable Supplies of watar
} ) 7 79 ®  vwhooping eough.
; as [ ] The movement ang characteristios ef air
! fagges .
| 8 [s] I don't know.
f ’ 5- [+] I don't know. 1 He response
i 1 NO response 99 %
i loox
i
H
|
:

l{l\C 134 10
E .

Aruitoxt provided by Eic:



EXERCISE

e
(=4
un

(Adult: 10=11})

Adult human males can ke sterilized by "tying off” both
©f their main sperm ducts in a simple operation. A= a
consequence, which of these will occur?

~Adult
3% [+] The voice will eventually become hign
pitched,
1 o Fatty pads will gradually develep en the
hips.
3 [&] Behavieor will eventually become more
effeminate.
0 [+ The hair will develep in longer =trands
than usual.
72 [ ) None of the above will occur.
21 =] I don't kKnow.
1 No reaponse
101 %

I

XERCISE 406
sc 316G}

Which of the following acts as a stimulant te the heart?

(Adult: 6=20) (overlaps Cxers

e

u
70 % [-] Adrenalins
1z =3 Aleshol

1 =3 Agpirin
=] ] Barbiturates
3 a Penicillin
& =]
2

100 %

(Adult: 9-17)

Whieh of the following organs in mammals produces

Eparm?
Adult
7% o Adrenal glands
2 a Kidneys=
o o Liver
4 o Pancreas
67 [ ] Teztes
18 o I don'€ know.
2 No response
1o0a %
O

ERIC

Aruitoxt provided by Eic:

EXERCISE 408

(Adult: 1=13} (similar to Exarcise 323)

a €use in an aelactric circuit is

1 a the temperature of the wires in
the circuir.

7 O to incarsase tha voltage across the circuit.
8 6 +to increase the current in the circuib.

5 @ to decrease the electrical resistance.
64 @ to make the circuit safer.

ig 0 I don't Know.

5 Ho rasponse
ag %




{Adult: 3-12

)

EXERCISE 409

(ovarlaps Exercise 309)

The idea of natural selection is usually associated
with the thaory of svolution proposead by

Adult

63 %
2

QW e

0 o0 w

]

Charles Darwin.
Edward Jenner.
Jsan Lamarck.

Louis Pasteur,

Jonas S5alk.

I den't know.

No response

EXERCISE 4L0

(overlaps Exerciss 308)

¢ current in a copper wire invelves mainly the
movemont of

Adult
2 Q copper atoms.
4 © copper molecules.
63 @ clectrons.
1 © neutrons.
1 O protons.
2 O I dun't know.
1 No respon
100 %

{Adult: 8-19)
; Flower
Adult

1%

10

[
M)

ERIC

Aruitoxt provided by Eic:

o0 D 80

sl

EXERCISE 411

{overlaps Exercise 215)

seads develop from

EXERCISE 412
{(Adult: 3=15)

In organ transplant surgery, l.e., kidney, heart, liver,
the rejection of the transplanted organ by the tissues

donor were

Adult
&0 % ) an identical twin.

3 o the mother of the raceiver.

& o a brocher with different RH blood group.

o o a sister not older by more than three years.
14 [+ a fraternal twin with the same blssd group.
15 o I don't know.

1 No rasponss
99 %



EXERCISE 413

{Adult: 9-19) (zimilar te BExercise 217)

Mast of the chemical energy of the gasoline burned in a aay

(Adult: 6=186)

EXERCISE 414

MHost of tha walt carried ench year by the rivars to the

is not used to move the car but is converted into eceans comer from
Adult Adult
14 % o clectricity. 4% o tha sky.
60 L] heat. 5 [+] condensad dew.
a o light. 5 [s} melted glaciers.
4 a magnetism. 57 L] benaath the ground.
4 [e] zound . 1 &) thae Nerth Pele or the Eauth Pala.
18 a I don't know. 27 (=] I dea't know.
z Ngo re=sponse 2 No response
100 % 10323
>
EXERCISE 416
EXERCISE 415 (Adult: 7-22} {overlaps Exercize 330)
(Adult: 3=16) (overlaps Exercisa 320)
On the average, in human females, the sg9g is released how

A motor boat can travel 5 miles per hour on a still lake.

If this boat travels downstream or a river that is flowing
5 miles per heur, how long will it take the boat te reach

a bridge that is 10 miles dewnstream?

Adult

1l % Q@ 15 min.

11 © 30 min,

5 0 45 min.

56 ® 60 min.

3 o 75 min.

14 O I don't know.

1 Ho rasponsa
101 %

ERIC

Aruitoxt provided by Eic:

many days after menstruation begins?

Adult
12 %
1z

*® 0 O

W
Lo o]

2 days
8 days
14 days
20 days

24 days

I don't know,.

No response




EXERCISE 417

(Adult: 3=7) (overlaps Exercisc 306) EXERCISE 418

{(Aciilt: 4-20) {avarlaps E reise 319)

All of the following holp Eo increasc the total amount of

food available to the human race EXCEPT A n-pound rock is dropped from a c¢lifE 500 feab high.
The longer the rock falls, the greater is its

_Adult
s © irrigating crops
12 o doveloning hybrids. © acceleration.
2 O improving fortilizers. ©  potential onerygy.
55 # ocutlawing the use of insecticides. 53 & spoed.
17 o0 eentrolling the grewth of undesirable 7 0  eetal eneryy.
plants. 3 o volumes
10 0 1 don't know. 8 0 I don't know.
1 Ho rosponsa 1 Mo respansc
9 1007

EXERCISE 419

{Adult: 9-20} (overlaps E» EXERCISE 420

- . ; Adulk: 1-1 laps Exercis 25
Which of the fellewing is true of hot wWwater as compared with (Adul 1-17) loverlaps Exercise 325)

cold water? What is bhe function of the placenta in a pregnant human

Adult

&% o It i=s denser.

2 [=] It is essier to see through. 3% © To push the baby out at birth
49 - Its molecules are moving faster. © To keep the baby warm and woist

4 e} It has more free oxygen dissolved in it. 45 ® To ocarry nourishment o the baby

5 [e] It ha=s mors free hydrogen dissolved in it. 0 To cushion the baby against shoaks

o To kesp the baby's body temperature constant.
3z o I don't know.
an®
Ho response 27 0 I don't know.
T No response
99 %
101 %

ERIC

Aruitoxt provided by Eic:




EXE"TTEES 421
(Adult: 2-15) (ovarlaps Exercilse 322)

If a person who is a light eater has a tondency to be
overweight, it is most likely dus to

Adult
1% Q@ too much exercisa.
3 0 a cerafully balanced diet.
22 O a tendenzy toward ne: ousness.
[ O an aexcsasive dosage of vitamins.
45 ® highly sfficlent utilization of feed by
the body.
20 O I don't know.

Ho response

EXERCISE 422

(Adult: 2-20} (overlaps Exercise 221)

Most eaves ars formed by the action of

Adult
9% Q granite.
42 & limcstene.
1 o pumicea.
is o sandstone.
4 o shale.
7 o 1 don't know.
Ho responsa
100 %

EXERCISE 423

{Adult: Z=16)

The system of classifying planta and animalg that is mosat
commonly used in the biclogical sciencesr is based primarily

an
Adult

8% =] food habita.

1s o function.

is [=] gecgraphical loeation,
2 o size.

42 [ ] structura,

14 ] I don't know.

No xesponsea

ERIC

Aruitoxt provided by Eic:

(Adult: 1-16)

Bactaria play a key role im all of the following EXCEPT

Adult —
4% [a] farmentation.
40 L ] photosynthesis.
4 o cauaing disease.
24 [} nitrogen-fixation.
3 o the decay of dead plants and animals,
24 <] I don't know,
1 Ho response
100 %

jround water on



EXERCISE 425

(overlaps Exarcise 228)

ocean fiah was found in a rock outcrop on a

4% o fizh onee lived on the mountain.
1 [s] the relative humidity was once very high.
ia L] the mountain was raised up after the fish died.
4 ") fizh used to be amphibians like toads and
frogs.
4l e the fos=si was probably carried to the
mountain sreat fleod.
10 [s] I don't know.
No response
100 %

EXERCISE 4206
{Adult: 10=18) (overlaps Exaraise 311}

The solid, liguid, and gaseous states of water difter

rotens per molacule

1 o elactrons per molecule
3 o on the individual molecules
2 Q ngutrons per individual

L] Tha average sapeed with which the
moleculas are moving

53 o I don't know.
2 Ne responsze
9%

ERCISE 427

whic
igence? S
a Corgheallum

36 L Cersbrum

2] a Medulla

4 o Optic norve

2 o Spinal cord
24 o I don't know.

s No response
1043 %

ERIC

Aruitoxt provided by Eic:

(Adults 4-10}

A man whose blood type iz OA marries a waman whoss
blood types is OB. Thelr offspring could NOT have
which of the following blood types?

Adult

1% L ] AA

3 o AB

1 ] OA

1 o oB

12 [o] o0
50 =] I den't know,

1 Ho response
99 %




EXERCISE 429

(Adult: 7-=14)

The table in which all of the chemical elements are
arranged to gshow many relationships among them is

Adult

8% s} activity tabla.

2 25 ® periedie table. .
& o tablae of acid strengths. *
(=] table of electronegatives.

e a table of oxidation potentialu.

45 o I don't know.

1 Noa respanse
100 %

307

EXERCISE 430 =

(Adult: 5-19) (similar to Exercise 3129)

Two light waves are traveling in a vacuum. The wave with the
higher frequency will have the

Adult
2% [+] lower speed.
15 [+ higher speed.
i3 [s] longer wavelength.
22 [ ] shorter wavelengeh.
4 2] more nearly horizeontal direction.
42 o I don't know,
1 No rezponse
99 %

308

EXERCISE 431
(Adult: 5-20) (ovVerlaps Exercise 328)

If tha cells refarred to were all in the sams organism, in
which of the following is the amount of DNA prasent stated

corractly?
Adult
21 % ® It would be identical in mature egg and
epery calls.
1 O It would be identical in sperm cells and
livar cells.
& O It would be identical in a marure agg cell
and a braip cell.
1 © It would be half as much in a thyroid call

as in a livar cell.

2 © It would be half as much in the fertilized
egg as in a thyroid gland cell.

don't know.

I
Ho response

ERIC

Aruitoxt provided by Eic:

{Adult: 1014}

1 is 48. This means that
atoms is5 approximately

The atomies weight of titani
the average mass of titan

~Adult
2% [s} i/48 geam.
1 [s) 1 gram,
3 [=] 48 grams.
is L ] 4 times the masg of the atoms of a )
certain carbon isotope with atomie
mass 12.
5 (4] 48 times the mass of the atoms of a
certain carbon isotope with atomic
mags 12.
71 a I don't know.
Ne respanse
100%




(Aduit: 1=14)

EXERCISE 433
(overlaps Exercise 332)

EXERCISE 434

(Adult: 8=18) (everlaps Excrclas 335)

Which of these har baen used to obtain accurats esbkimates

Scientists ecan determine the age of certain rocks and kheir
fossils by measuring of the age of the oldest known rock strata?
Adult Adule
4 % 0 their spacific gravitias. 22 % O Radiogarbon dating
22 O their erystalline structura. 2 ® Uranium=lead dating
17 @ tha rate at vhich they have aroded. 3 O Potaasium—argon dating
10 0 the ratie of calcium to phosphorus in them. 5 O BEBstimation of sedimentation rates
‘1s ® the amounts of uranium and lead they contain. 2z O Corxralation of age of fosaila contained in
- i the strats
3z O I don't know. .
43 G I don't know, =
a No response
= 1 Ho response
100% -
98 %
O

ERIC

Aruitoxt provided by Eic:
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Young Adults

Objective II. Possess the Abilities and Skills Needed to
Engage in the Processes of Science

General Summary

Only 1] exercises were released under Objective II. Four
were quite easy, three gui. e difficult, and four were of
average difficulty. One cannot generalizZe from such small
subsets of exercises.

lNost young adults responded correctly that:

435. Very few people in the United States today get
smallpox because most people have zmrllpox
vaccinations (95%).

436, The most likely cause that paint on one side of a
house is not lasting as well as paint on the other
sides is wind or sun (94%).

437. A bar graph which was pictured could be read to
obtain the information requested (89% read the graph
correctly).

438. Most could balance a beam balance with a weight (74%).

A good many yvoung adults were able to perform the following

tasks:

439, Interpret tabular data to correctly determines which
series of four weights best establishes that one
object is heavier than another (63%).

440, Recognize that disturbing the balance between hawks,
rakbbits, and grass in a particular meadow by de-
creasing the number of rabbits will also affect the
number of hawks and the amount of the grass (52%).

441. Use a watch to determine the total time it takes a

pendulum to swing 10 times (49%).

o lél L aiand
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442.

« Rather

443,

444,

445,

Identify a graprh showing a growth curve for height
of children from age 2 to age 14 from a set of five
graphs (39%).

few young adults:
Realized that atoms are rarely destroyed so that
carbon atoms in a piece of bread could have been

part of a dinosaur's body in ages past (25%) .

Knew that doubling the size of each dimension of a
cube will increase its volume 8 times (25%) .

Could determine the density of a wood block after
being given various bits of appropriate information

(12/’3) -
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EXERCISE 435
(Adult: 7-=12) (overlaps Exercisa 152)

why do very few people get smallpox in the United States

taday?
1% [s] The weathar cenditions have ¢hanged.
a5 & Most people get smallpox vateinatiens.
[s] o Paople move more often than they used to.
o] Q People drink mores milk today than ever
before.
1 Q All the germs that cause smallpox have
besn killed.
1 Q I don't Know.
1 Ho response
99 %

EXERCISE 435
(Adult: 5-19) (overlaps Exsrcise 230}
A man notices that the paint on one side of his house is not

lasting as well as the paint on the other sides. Which of
the following is the most likely zause?

Adult
1% o Termites
2 o Ce g rays
o4 L] Wind or sun
Q Fallout from ater bombs
Q Sonic booms from low-flying jets
1 Q I don‘t know.
1 Ho responsas
99 %

(Adults €-15}

Accoerding te the graph below, what ia the average numbey
of heartbesats per minute for a person swimming?
AdulkE
1% o 60
2 o ao
B89 L} 120
1 [ 160
1 Q 180
5 o I den't know,
2 Ho r2aponse
101 %
AVERAGE NUMBER OF HEARTBEATS PER MINUTE
IN DIFFERENT ACTIVITIES
-f_l-!
3
£
g1
]
a
g
k-
g
=
Ed
=
-]
2
E
3
=
é?
O

ERIC

Aruitoxt provided by Eic:
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EXERCISE 438

{Adult: 10-21lal) (overlaps oxercises 234 and 341)
Pivot paint

| S ——————————————— T

The apparatus before you is the same a3 that shown in the
picture. This balance is balancsd when the balancs beam is
level as shown above. The numbar by each mark on the beam
tzlls the nunber of inches that mark is from the pivet point.

1. pPplace one weight in the balanee pan. Hew many inches
Erom the pivet point is the hook on whicsh you must hang
ona waight te get balance? ____ _ (4)

_Adult
74 % Coxrrect
20 Incorrect
(3 No respénse
100 %

The apparatus alsc ineluded fishweights. one to place in the
balance pan, and another to uss to achieve Pbalance. The
respondent was given 20 m tes to find the answer to this
and other gquestions invel g the use of the apparatus

(see Bxercise 445).




[z}
o
[
[

EXERCIS!
(=1 2315 and 340)

(Adult: 1-7) {overlaps exar

In each of five experiments. two cbjects ware weighed four
times each. Which experiment c¢ives the strongast evidenca
that object I waighs mora than objeat II?

Adult
- Gbjact I Object II
63 % & Experiment I 80 1b. 70 1b.
81 1b. 69 1h,
80 1b. 71 1b,
82 1b. 70 1b.
7 O  Experiment B 69 1b. 8l ib.
71 1b. 82 1b,
70 1b. 80 1b.
70 lb. 80 1b.
2 O Experiment C 70 1b. 80 lb.
75 1b. 75 1b.
77 1% 73 1b.
- 70 1b.
2 O Experiment D
70 1b.
2 © Experiment E 80 1b.
79 1b.
77 1b.
15 0 I den't know.
k) Ho reaponse
101 %

EXERCISE 440
(Adult: 3=10) (gvarlaps Exercise 342)
In a particular meadow therc are many rabbits that eat
the grass. 'There are also many hawks that eat the
rabbita. Last year a 4 = broks out among ths rabbits
and a great puuber of them died. which of tha following
probably then occurred?

Adult
2% o The grass died and the hawk population
decreased.
i o] The grass di the hawk population
inereased.
52 L] The grass graw taller and the hawk
populatien decreased.
4 o] The grass grew taller and the hawk
population increased.
30 2] Heither the grass nor the hawks were
affected by the death of the rabbits.
1e o I don't know.
1 No response
100 %

EXERCISE 441

(Adult: 10-21cl) (overlaps excrcises 237 and 344)

The apparatus before you is a pandulum. You have a watch

or glock also.

1. '‘How longj does it take f£or the weight in the pan on the
end of the string ko swirg back and forth ten times?

. _. Eeconds (An answer between 11 and 15 seconds was

Bcored correct.)

Adult
49 % Correct
39 Incorrect
1z No response
100 %
O

ERIC . 146
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EXERCISE 4432
(Aduli: 4=8) (gimilar te Exercise 239)
Which of the following graphs could show the average height

in inches of a group of children growing at a neormal rate
plotted against their age in years?

Adult
6% o A
g [a] B
3s L ] c
1B ] D
] o]
18 [s] I don't know.
3 No response
100%
A B o
80 B0
2 70 270
§ &0 50|
= 50 250
@ g
a0 =40
EEL Fag
220 220
= :
10| 19 ~
2 46 BHOIZNA Z 46 B 01214 246 8101213
Ags 1n Yaarz Age 1n Yaarx Age 0 Years
D E
8o a0
279 570
"4 &0 €60
LR S5
a °
Z 40 Zag|
EEL §3u_e_ye_yi_e__
£ 20| = 20]
0 10

24 6 aDIZ14 EEREEEED
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EXERCISE 443 EXERCISE 444
(Adult: 8-15%) (similar te Exercise 345) (Adult: 4-14) (overlaps Exercise 346)
A particular cell is shaped 11
dimensions were doubled,

A student made the following statement, "Some carbon atoms
in the bread that I ate last night might have onca been

If all its linear
n asa

part of a dinssaur's body."
Which of the following is the best appraisal of the Adult
student's statement? This statement a4 % O 3 timas. E
Adule 18 O 4 times.
3 % © contradicts the law of conservation of ° o & times.
matter. 25 # B8 times.
5 O is ridiculous because diposaurs lived so 16 O 16 times,
long ago.
25 8 could be true because atoms ars rarely 28 [+]
cpeated or destroyad. 1
7 O  eould not posaibly be true because dinosaurs J
ware animals but wheat is a plant. 101 %
i3 © gould be true only if the bread was grown

in soil containing dinosaur fossils.

25 © 1 den't know.
1 Ho response
99 %

EXERCISE 445

{Adult: 10-=21a5) {overlaps sxercises 240 and 348)
Pivot peint

The apparatus before you is the same as that shown in
the picture. This balance ia balanced when the balance
beam is level as shown above. The number by each mark
on the bzam tells the number of inches that mark is from
the pivot point.

{The apparatus also included 10~gram fishweights, & centimeter
ruler, and a block of wood 10 x 3 ¥ 2 centimetars. Respondents
were given 20 minutar to answer several related questions
{e.qg., see Exercise 438). The following question was

preceded by others which required them to make measurements
which weould aassiat them in anawering it.)

5. what is the density of the wood bleck? It ia — S
grams per cubic centimeter. (An answer between .38
and .64 was scored correct.)
AdulE
12 % Correct
23 Incorrect
59 No reaponaa
“Too %

El{lC 7 135 i 7
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Young Adults

Objective IIT. Understand the Investigative Nature of
Science

General Summary

Only two exercises are released for this objective. Both
of them were answered correctly by a good many young
adults,

446, A good many indicated understanding that measurement
is not exact (579%).

A good many responded correctly that a theory can be
described as, "a possible explanation for observations"
(45%) .

447.




EXERCISE 447

EXERCISE 446

{Adult: 6=17} {overlaps exercises 3243 and 350) {(Adults 10=13)
Whenever scientists carefully measurc any guantity many times, which of the following is most likely to ba called a
they expact that . theory?
Adult
[o} all of the measurements will be exactly the 17 % [+] A fact bhased on experiments
same . 3 © A law of limited application
1 o  enly t : he measurements wi *a ; .
°  gnly two of the measurements will be exactly as ® A possible explanation for observations
2 o all but one of the measurements will be © Ac?“?}:iéan reached from a single
exactly the same. experim
57 ® most of the measurements will be close but 13 @ A zeries of experimer designed to
gl . . = tast an obse
not exactly the same.
13 o I den't know. =} O I don't know.
No response _ 3 No response
29 %

(everlaps exercises 243 and 350)

ERIC

Aruitoxt provided by Eic:




Young Adults

Objective IV. Have Attitudes about and Appreciations of
Scientists, Science, and the Conseguences
of Science that Stem from Adeguate
Understandings

General Summary

Only two exercises are released for this objective. The
first of the two was answered in the direction consistent
with the objective by most young adults.

448. Most Adults do not believe that United States
scientists are ahead of scientists in other
countries in every field of research (75%).

449, Only a few Adults state that if they learn about
special television programs dealing with a
scientific topic they would watch them often (29%).




4.
ILLUSTRATIONS OF ANALYSES IN PROGRESS (GROUP COMPARISONS)

The sort of descriptive information about educational
attainments which Natiocnal Assessment has gathered is new.
This chapter is concermned with methods for describing
results for groups within the population. The planning

and supervision of the analysis has been the responsibility
of the Analysis Advisory Committee (ANAC), a group of people
experienced with statistics and measurement. They have
been associated witli National Assessment since it was begun
in l964{4an& have been working with the staff of National
Assessment on apprr—riate analyses and informative methods
for presenting resuits.

This section of the report is aimed to illustrate some of
the procedures that can be used for analyzing the data,

and which will be used in a more complete report which will
be forthcoming from the Science assessment. The results
that appear are only for illustration.

Groups=--and Subgroups

The analyses of the first National Assessment of 17-year-olds
will examine certain major groups defined in terms of region,
size and type of community, sex, color, and parents'
education. (Appendix B defines these groups in more detail.)

1. four geographical regions-—--Northeast (NE), Southeast
(SE), Central (Cent), and West (W).

2. four sizes of community (S0C)--Big Cities (over 200,000);
Fringes around such cities; Medium-sized Cities (areas
between 25,000 and 200,000 population) and the counties
containing them; and Smaller Places (population less

than 25, 000).

Members of ANAC are listed on the back of the title
page.

T
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3. four types of community (TOC)-—-Inner City, Suburb,
Rural, and the Remainder of l7-year-0lds. These TOCs
were intended to permit consideration of three '
distinctive locales: the impoverished inner city, the
affluent suburb, farms and smallest towns.

4, sex==Male and Female.
5. color-=Black and non=Black.

6. parents' education, for the parent who went furthest
in school--(l) eighth grade or less; (2) some high - -
school but did not graduate; (3) graduated from high
school; and (4) education beyond high school.

Results for geographical regions, sizes of community, and
sex have been promised since the earliest days of National
Assessment. Originally reporting by socio-economic status
was expected to provide an assessment of the educational
progress of the poorer segment of the population. As
public sensitivity to the asking of certain gquestions and
difficulty of defining "poverty'" were recognized, it became
clear that direct measures of poverty were out of the
gquestion.

As a result, it was decided to represent socio-educational
status defined by the occupation and education of each 17~
vear—-old's parents. So far, differences associated with
parental education seem larger and more important than
those associated with parental occupation. Accordingly,
the main socio—-educational emphasis in reporting will ba on
the groups defined by parents' education. Some analyses

by parents' occupation may appear in later reports.

While l7-year-olds almost always answered guestions about
parental education and occupation, this could hardly be
expected at age 13 and 9. 2Zilternative guestions were used,
and their use ip analysis and presentation is still being
explored.

This chapter reports percentages for correct responses only.
Later reports may perhaps analyze frequencies of selected
incorrect responses in a similar way.



Nhile comparisons across pasic categories such as type of
community are of first importance, the analysis needs to

go further. Subgroups can be defined by combinations

of characteristics used to define groups. Being both in

an Inner City and in the Central region defines such a
subgroup, whose per formance may or may not be distinctive.
There is a need to ask such guestions and report about

the answers. There is also a need for care and selectivity.
since a large number of such subgroups may pe defined.

very few people are prepared to look Eérceptively at all"
the many percentages that could be reported. The
development of objective and effective techniques of
selective presentation will be importaﬁtﬁ—and far from
trivial.

Subgrocups defined by pairs of characteristics can be SO
small as to make it unwise to report percentages of success
for them. Table 4—1 reports, for one exercise, the numbers
‘6f 1l7-year-olds in the groups and subgroups defined by
parents’ education and rize of community. This table shows
groups and subgroups of all sizes from large to very small.
Reporting percentages for such subgroups as respondents 1in
big cities whose parents completed no more than eighth

grade is not likely to serve a useful purpose because .the
pnumber is very small. The same is to be said of the "unknown”
group. All that such percentages can do for most readers is
cause confusion.

There is a gradatioﬁ from what clearly ought to be repor ted
in detail to what deserves no attention. A techniqgue of
reporting 1is needed that expresses the dependability of the
result in relatively simple terms, but which manages to offer
a reasonable number of gradations from guite firm conclusions,
through various shades of limited reporting, to silence.




TABLE 4-1

SUBGRQOUP AND CROUP SIZESa IN A 2-WAY TABLE
FOR EXERCISE 307 (Age 17)

Parents' Education vs. Size of Community

Size of Community

Medium Smaller
Par. Educ. Big City Fringe City Places Total
8th or below 30 14 - 27 55 126
Some HS 68 58 63 108 297
HS Graduate 171 154 209 189 723
Beyvond HS 181 273 244 183 881
Unkncwnb. 11 17 9 10 47
Total 461 516 552 545 2074

& These figures show the actual numbers of in-school
17-year-olds who took this exercise and all other
exercises in package 2 at age 17. The numbers are
not exactly proportional to the actual sizes of the
groups and subgroups in the population (See Appendix
C for details of the sampling plan).

b . ) )
Education of parents not reported by respondent; numbers
shown because they contribute to the total,

o
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If we f£find that a group of 1l7s performs more or less
successfully than the average l7=-year—-cld, how then are
we to describe this difference in success? The numerical
difference in percentage gives part of the answer, but
there is an uncertainty about this wvalue which must be
kept in mind.

Expressing Uncertainty *

We must turn to statistical techniques to learn how much
trust one can reasonably place in each difference in
percertages. Selection of individuals to Be assessed
necessarily brings in chance; if the whole assessment
procedure were to be repeated, the percentage of correct
response for any exercise and group would change somewhat.
How much change is likely depends upon the number of
‘respondents and upon the details of the sampling procedure.

Statisticians can indicate the likely numerical limits

on such sampling variation by giving a number known as the
"standard error." Conventional statistical practice is

to pay serious attention to values that depart from zero--
or from some other reference value--by at least twice
their standard error and to be quite confident of the
direction of differences that reach three times their
standard error.

Our aim is to report observed percentages in such a way as
to leave the reader duly cautioned--neither over—-attentive
to dubious effects nor over-cautious. To this end we have
developed the convention set out in Table 4-2 and now to
be discussed.

If the size of the observed difference between two percent-
ages is less than 1.5 times its standard error, we do not
place enough confidence in the difference to discuss even
its direction. Such observed differences may well have
arisen from sampling variation. There is a considerable
chance that the observed direction is the reverse of what
is actually true for the whole of the group.




TABLE 4-2

CONVENTION ADOPTED IN THIS REPORT FOR
SPEAKING OF A SAMPLE DIFFERENCE

Size of Form of Statement

Observed Difference ; When Observed

Divided by Difference is _
Itsrstgndagder:crr 7 ,7 . x Percent _
less than 1.5 (no statement)
at least 1.5, less than 2 "may be"
at least 2, less than 3 "perhaps %"
at least 3, less than 5 "roughly x%"
at least 5 "about xt
* . .

Preceding "higher," "lower," and the like.

EXAMPILES

Observed Difference Range in Which

Divided by the True Difference
Its Standard Error Probably Lies B _Statement
3% (higher) _ -5% to 15% -

5%

2% —g‘;‘mer)f = 1.67 =1% to 11% may be higher
2% (g;ghérl = 2.5 1% to 9% perhaps 5% higher
E?Llﬁggf—ef-l = 4 2.5% to 7.5% roughly 5% higher
2% (l,lég;}e:? L - 6 3.3% to 6.7% about 5% higher
10% (E;ghe§)= 2.5 2% to 18% perhaps 10% higher
30% -‘—g;‘gher P 20% to 40% about 30% higher

&
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Consider the first example in the bottom half of Table 4-2,
for instance. The observed difference is 5% and the
standard error is 5%. As the ratio is 1, we make no
statement about such a difference. An observed difference
of 5% with a standard error of 5% is reasonably consistent
with a true difference anywhere between ~5% and 15%.

(Twice the standard error = 10%; 5% + 10% = 15% and =5%.)
The proper conclusion is that no difference is established.

Such a result would be important to any reader who
anticipated a clear difference between the groups. Some-=
times the absence of a difference is as vitally important
as Sherlock Holmes' noticing of the dog that did not bark
in the night.

If the ratio of observed difference to standard error is

at least 1.5 but less than 2, we place some confidence in
it. This is reflected in such language as "may be lower"
or "may be succeeding more often” or "may be higher." This
statement does not imply any confidence in the size of the
difference, but it does accept the direction of the
difference as rather likely to be confirmed in further
samples.

Somewhat more confiéenc§;;n both the direction and the size
of the difference is warranted if its ratio to its standard
error is at least 2., We refer to a difference that is
between two and three times its standard error as "perhaps
x% higher" (or lower).

In the third example (bottom half of Table 4-2) the aobserved
difference is again 5% but the standard error is 2%. The
ratio of the size of the difference to the standard error is
2.5 and we say that the observed value is "perhaps 5% higher"
than the overall group. The true value, very likely, lies
between 1% and 9%. It is quite unlikely that the true
difference is in the reverse direction.

If the ratio of the size of the aobserved difference to
standard error is at least 3 but less than 5, we say "roughly
x% higher" (or lower). Finally, if the ratio is 5 or more,
we say "about x% higher" (or lower). Two other examples
illustrate the convention further.
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Table 4-3 gives differences and standard errors for the
four Regions, for Exercise 307. we go on to illustrate
the use of the standard earror in interpreting the observed

differences.
TABLE 4-3

REGIONAL DEPARTURES FROM THE PERFORMANCE OF ALL 17s
SCIENCE EXERCISE 307

Difference Standard

Between Group Error of

% Correct —and aAll 17s Difference

all 17s 69,2

NE 75.0 5.8 2.39
SE 63.9 2.54
Cant 68.3 -0.9 2.24
=1.4 2.23

West 67.8

Respondents in the Northeast apparently perform the best
on this exercise, those in the Southeast worst. These

national average performance of all 17s. The standard
errors of the differences are used to decide whether the
differences are Sizeable enough to be trustworthy
indications of the directions in which the groups differ

from all 17s.

in Table 4-3 exceeds that for
error of this difference is
is, between 2 and 3 times the

The Northeast bercentage shown
all 17s by 5.8%. The standard
2.39%. The ratio is 2.4; that
standard error. Therefore, we regard the difference as
reliable in direction, and say, "On this exercise, the
Northeast group does perhaps 6% better than all 17s."

;I%Eii
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The technically experienced reader will recognize that the
conventions adopted here are not those usually recommended
by statisticians. We have adopted our admittedly simplified
way of expressing results with the aim of making interpre-—
tations clearer to the general public.

Group Comparisons

To illustrate the ways in which the results can be examined
and the problems that arise, several Science exercises at
age 17 have been analyzed by major groups. Comprehensive
group results will be presented in the next report on the
1969-1970 Science assessment. The exercises reported here
are not intended to be representative of the whole set of
exercises. Generalizations about relative performance of

isolated exercises.

Table 4-=4 indicates the percentages responding correctly to
Exercise 307, both overall and for each of the major groups:
these results will be discussed in some detail. The total
number of respondents to the exercise and the number in
each group are also given.

It is natural to ask regarding each group how much its
success differs from all 17s. Such differences are shown
in the third column of Table 4=4. The fourth column shows
an estimated standard error for each difference. The fifth
column shows the difference divided by its standard error.
The sixth column offers summary statements using the
convention of Table 4-2.

For a division of the population into just two groups—-for
example, Males vs. Females—-it will often be of interest to
focus on the difference between the two groups rather than
on the departure of one group from all 17s. Either
comparison conveys essentially the same information; each
difference will be nearly the same multiple of its standard
error. This similarity of ratio holds for any pair of groups
that, together, make up the population.




When the two groups are nearly equal in size their
differences from all 17s will be nearly equal in sgize

(and opposite in sign). Thus in Exercise 307 (Table 4-4)
Females appear to do 2.1% less well than all 17s and Males
appear to do 2.0% better than all 17s.

When the two groups are unequal in size, the two differences
from all 17s can be radically different. For example, in
the case of the results in Table 4~4 for Blacks and non-
Blacks, the departure of Blacks from all 17s is between 2
and 3 times its standard error, and the departure of non-
Blacks from all 17s is between 2 and 3 times its standard
error. But the differences are far from equal in size.

There is great national concern about the achievement of
Blacks in U.S. society and its educational system. The
differences between achievements of Blacks and non-Blacks
vary considerably even among these few exercises. As seen
in Table 4-8 there are exercises where 17-year-old Blacks
perform below the national level, and there are also
exercises where the ocbserved difference is negligible.

If it is true that Blacks are at lz2ast equal to non-Blacks
on some educational outcomes and lag behind in others, the
full results of National Assessment will be of use in
directing the improvement of educational programs. It would
be premature to try to draw inferences about the nature of
the exercises where certain groups excel.

There is considerable risk of faulty conclusions when a
comparison of Black and non-Black is made, since the two
groups differ with respect to many other variables, including
distribution over type of community and parents' education.

A fairer comparison would consider differences between Blacks
and non-Blacks who were similar in other respects. The
possibility of making such more subtle comparisons from
National Assessment data is mentioned in a later section of
this report.

By our convention the results in Table 4-4 will be summarized
in this language:
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TABLE 4-4

Results For Exercise 307%

(1) (2) (3) (4) (5) (6)
Approximate Difference
Difference: Standard Divided by
Number T Group vs. Error of its Standard Statement About
in Group Correct All 17s Difference Error the Difference

All 175" 2166 69.2%
Region

Hortheast 570 75 .,0% 5.8% 2.39% 2.43 perhaps 6% higher
Southeast 479 63.9 =5.3 2.54 -2.09 perhaps 5% lower
Central 521 .- 68.3 =0.9 2.24 ~.40 -

West 595 67.8 =1.4 2.23 -.63 —

s0C

Big City 487 73.6% 4.4% 2.42% l.82 may be higher
Fringe 527 72.6 3.4 2.11 1.61 may he higher
Medium City 573 66.9 =2.3 1.93 -1l.19 -

Smaller Places 579 64.4 -4.8 2.82 =1.70 may be lower
TGCb

Inner City 213 69,.6% =0.6% 4.44% ~.14 -—=

Suburb 230 68.0 -2.2 2.76 -.80 -

Rural 172 65.3 -4.9 6.55 -.75 -
Remainder 1459 71.3 1.1 0.88 1.25 ==

Bex

Male 1041 71.2% 2.0% 1.27% 1.57 may be higher
Female 1124 67.1 =2.1 1.07 -1.96 may be lower
Color

Black 263 59,3% -9.9% 3.58% ~2.77 perhaps 10% lower
Non=Black 1901 70.2 1.0 0.46 2.17 perhaps 1% higher
Parents' Education

8th or belaw 159 65.6% -3.6% 4.57% -.79 ==

Some High School 332 60.9 -8.3 3.40 -2.44 perhaps 8% lower
HS Graduate 743 71.4 2.2 1.88 1.17 -

Post High School 881 71.5 2.3 1.59 1.45 -

a

Small numbers of cases could not bhe classified inte a subgroup, sSo subgroups may not
add up te all 17s.
b The TOC subgroups ind¢lude in-school 172 only. The assignment of out-of-school 1l7s
to TOC categories is not yet completed. Differences for TOC groups shown in Column
3 are difference of the group percent from 70.2% the percent correct for all
in-school 17s.

E3

(17:2-3) Any galaxy contains many (stars).
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Among all l7-year-olds, approximately 69% responded
correctly to Exercise 307. Examining various groups of
respondents we see that:

1. The NE does perhapsz 6% better than all 17s and the SE
does perhaps 5% less well. The Cent and W differences
are close to zZero.

2. Big City and Fringe respondents may be succeeding more
often than all 17s, while respondents from Smaller
Places may be succeeding less often.

3. Although the Rural percentage of success is, on its
face, less than that for all 17s, its standard error
is also large, and no statement is made.

4. Females may be doing less well than all 17s;
equivalently, Males may be doing better.

5. Non-Blacks do perhaps 11% better than Blacks. (Blacks
do perhaps 10 less well than all 17s, non-Blacks do
perhaps 1% better. The difference between non-Blacks
and all 17s is small, but the standard error is also
small.)

6. Respondents who have a parent who attended but did not
complete high school are perhaps 8% less successful than
all 17s. No statement is made about the group.whose
parents had no more than eighth grade schooling. It is
possible that their performance does equal that of all
17s, but it is also possible that they do worse than
those whose parents had some high school. The present
evidence is toc scanty for either conclusion about this
group.

Summary statements about Exercise 307 and nine other Science
exercises administered at age 17 are given in Tables 4-=5to
4-9., The exercise numbers given are those used in the
section on 17s in chapter 3. Since the 10 exercises come
from 8 packages, more than 15,000 l7-vear-olds have contri-
buted to one or another of the differences on each page. The
data on which the summary statements are based are presented
in Appendix D.
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TABLE 4-=5

EEGIONAL GROUPS

COMPARED WITH ALL 17s ON
10 SCIENCE EXERCISES®

a Appendix D gives the
are based.

164

Exercise
_Number Northeast Southeast
307 rerhaps perhaps
6% higher 5% lower
319 - ——
324 perhaps roughly
8% higher 10% lowerxr
329 - —_—
336 - may be
highexr
340 - may be
lower
341 perhaps perhaps
9% highexr 11% lower
349 - perhaps
4% lower
351 perhaps -
8% higher
352 - perhaps

6% lower

data on which

B
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Central

prerhaps
2% lower

the next

may be
higher

perhaps
5% lower

five tables



Exercise

Number

307

319
324

329

336
340

341

349

351
352

TABLE 4-§

SIZE-OF-COMMUNITY GROUPS
COMPARED WITH ALT, 17s ON

10 SCIENCE EXERCISES

Medium-sized
Big City Fringe _City
may be may be -
higher higher
- may be -
higher
may be may be —_—
lower higher
== - may be
higher
—— bPerhaps —_—
7% highex
—= roughly -=
4% higher

ss 165

Smaller

Places

may be
lower

bPerhaps
3% lower



Exercise

_Number

307

319

324

329

340

Results are for in-school
of out—of-school 17s by type

TABLE 4-7

TYPE-OQF-COMMUNITY GRQgPS
COMPARED WITH ALL 1l7s ON
10 SCIENCE EXERCISES

perhaps
1056 lower

roughly
5% lowerx

may be
lower

may be
lower

166

Suburb Rural Remainder
may be - —_
lower

perhaps roughly —_—

10% higher

perhaps
12% higher

about
10#% higher

perhaps
4% higher

may be
higher

154

17s only.
of community is not completed.

14% lower

perhaps
6% lower

roughly
lO%llcwer

may be
lower

perhaps
1%4 higher

The classification



TABLE

4-8

SEX AND COLOR GROUPS
COMPARED WITH ALL 17s ON
10 SCIENCE EXERCISES

Exercise
Number Male
307 may be
higher
319 perhaps
4% lower
324 -
329 roughly
6% higher
336 ~roughly
3% higher
340 ==
341 perhaps
6% higher
349 ——
351 -
352 ——

Female
may be
lower

perhaps
4% higher

roughly
5% lower

roughly
2% lower

perhaps

6% lower

Black
perhaps
10% lower

about
20% lower

about
18% lower

about
24% lower

roughly
25% lower

roughly
15% lower

perhaps
6% lower

may be
lower

Non-Black

perhaps
1% higher

about
2% higher

roughly
2% higher

roughly
2% higher

roughly
3% highexr
roughly
2% higher
rerhaps
1% higher

may be
higher



TABLE 4-9

GROUPS DEFINED BY PARENTS' EDUCATION
COMPARED WITH ALL 17s ON Hoer
10 SCIENCE EXERCISES

Exercise 8th Grade Some High High School Beyond
Number or Below _ School Graduate High School
307 —_— perhaps ——— ——
8% lower
319 - -= —= o
324 e roughly - roughly
12% lower 7% higher
329 may be about may be about
lower 13% lower lower 9% higher
336 roughly —- — may be
3% lower higher
- v 6% higher
341 — perhaps —_— may be
11t lower higher
349 perhaps —_ — about
113% lower 4% higher
351 —_ about —_ about
14% lower 8% higher
352 perhaps roughly - about
14% lower 10% lower 6% higher
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When many more exercises are reported, this method of
summarizing the rTesults of several exercises will allow
one to look for interpretable patterns. Although some
consistencies appear in the table, no generalizations
should be attempted until more exercises are analyzed and
reported.

Comparison with a Value Other than Zero

In the column in Table 4-9 referring to children whose
parents had no more than eighth grade education, quite
different things are said about their performance on
different exercises. On five exercises no difference is
stated; on ancther, the difference reaches "perhaps 14%
lower." Should we feel sure that these exercises are
behaving differenty?

Suppose +that, for the entire group of 17s whose parents

did not go beyond the eighth grade, the percentage

difference is the same for each exercise. Because of
sampling error we expect some observed differences to be
larger and some to be smaller than the average value. 1In
Table 4-10 we collect from Appendix D the observed percentage
differences and their standard errors for all 10 Science
exercises. When we make a thorough examination, we conclude
that this wvariation is not worthy of attention.

n order to ask how similar the percentage differences in
-he population group may really be, we are led to compare
each observed difference with -7.2% (the average of all 10
differences). These comparisons are given in column (3) of
Table 4-10 and are combined with the standard errors from
column (2) in order to obtain the statements in column (5).
We find that only one difference deserves any statement.

H

it

When we come to look at this one difference carefully, we
notice (from Appendix D) that Exercise 336 was answered
correctly by only 6.2% of all 17s. Even if no one in the
group of 17s whose parents had no more than an eighth grade
education had answered correctly, they would have been only
6.2% worse than the average. Clearly it 1is impossible for
this group to do 7.2% worse than all 17s. Although a
statement can be made about this comparison as being




TABLE 4-10

DIFFERENCES COMPAFED WITH THEIR AVERAGE : AN EXAMPLE

(Data for l7-year-olds Whose Parents
Did Not Go beyond 8th Grade)

(1) (2) (3) (4) (3)
Column (3) Statement
Standard Difference Dividad about
Exercise % Difference Error of Compared By Standard DifFerence
Number from all 17s Difference with -7.2% Error . from =7.2%
307 =3.6% - 4 .57% up 3.6% .79 —_—
3l1le =3.5 5.35 up 3.7 -69 -
324 =4 .8 9.89 up 2.4 .24 —_
329 ~8.8 4.96 down 1.6 =-.32 =
336 3.4 1.03 up 3.8 3.69 roughly 4% up
340 -13.1 6.84 down 5.9 . -.86 —_—
341 -=7.3 8.24 down .1 -.01 =
349 =10.6 4 .54 down 3.4 -.75 —
351 ~3.0 4.94 up 4.2 .85 -
352 =-13.7 - 5.17 down 6.5 =1.26 ==
Avarage of
Differences =7.2%
O

ERIC
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different from -7.2% it is not a statement that is relevant
to our original question.

If we set aside the one anomalous exercise, there is
insufficient evidence that, for any exercise, the

disadvantage of this group varies from -7.2%. This

group is quite small; when we deal with larger groups we

can make more stringent comparisons of their behavior on
different exercises. We have already commented that the
Black~-non-Black comparisons vary considerably from exercise

to exercise. A calculation like that in Tabhle 4-10 shows

that the variability within the Black group is not due to chance.

Answering More Subtle Questions

This chapter illustrates how we can discuss the relatively
simple comparison of the pPerformance of one group with that
of all persons of the same age. We want to ask also about
subgroups~-e.g. about those who live in affluent suburbs

and who live in the Southeast. With two kinds of
classification, more questions to answer, and more ways to
approach the data, the Problem becomes complex. We will not
give numerical examples now, but we will indicate some
possible lines of approach.

Someone might ask, "Are Southeastern affluent suburbs
. Unusual?" He might mean to ask:

(1) How does the Performance of 17-year-olds in
Southeastern affluent suburbs compare with that
of all 1l7-year-olds?

Or he might instead want to know:

(2) How do l7-year-olds in Southeastern affluent
suburbs perform, considering the performance of
all Southeasterners, all residents of affluent
suburbs, and all l7~year-olds?

To answer the first kind of question we just proceed with
groups, forming a simple difference of Percentages. The
pPercentage for the subgroup is thus set against the wvalue
for the whole age level. The second question is harder
to answer, but procedures for such a complex comparison
are available.



A wholly different sort of guestion asks whether differences
associated with types of community, which are distributed
disproportionately in the various regions, could together
account for the differences found among regional groups.
This requires us to match distributions with respect to

type of community for the regional groups before finding
and comparing the relevant percentages. This, too, can be
done.

Methods are available even for investigating questions that
go beyond simple matching. We might raise such a question,
for example, because we believe that the only wvariable which
can be used for matching measures but one aspect of the sort
of difference that we wish to eliminate.

Examples of such analyses will appear in the next report on
the first administration of Science.
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APFPENDIX A
*
DEVELOPMENT OF NATIONAL ASSESSMENT EXERCISES

Before assess .ent exercises could be written, it was
necessary to define the educational goals for each subject
area included in the project. Ralph W. Tyler, Chairman

of the Exploratory CcmmittEQ% and still actively associated
with the project, explains:’

A first major purpose for obtaining a list of
educational objectives is to guide the development
the assessment instruments. The assessment should
indicate the extent to which our pPeople have
attained important educational goals. i.e., have
they learned what schools are expected to teach?
Learning is a process of acquiring ways of
thinking, feeling and acting, that is, acquiring
patterns of behavior. A course outline commonly
lists the content the ccurse deals with, but it
does not indicate what the student is to learn to
do with this content. Is he to memorize it,
recognize the principles involved and seek to use
these principles in solving problems, to develop
a skill in reading and analyzing the material or
to develop a life=long interest in the subject,
Or some combination of these and other kinds of
behavior? We need to know what the student is
expected to learr in order to assess his achievement.
For this reason, educators are writing objectives
in terms of the behavior they expect to help students
learn. Objectives written in these’ terms are
necessary to guide the production of assessment
exercises. Hence, objectives for the National
Assessment were written in behavioral terms.
* For more information, see Finley, Carmen J. and Berdie,
Frances S. The national assessment approach to exercise
development. Ann Arbor, Michigan: National Assessment of
Educational Progress, 1970,

* % .
Tyler, Ralph W. Personal letter to Carmen .J. Finley,

February 1, 1970.

C
>
|
-

173

&

5




The educational objectives for all 10 subject areas ware
developed with the intention that they must be:

1. considered authentic by scholars in the area.
2. accepted as an educational task by schools.
3. ¥mgarded as desirable by thoughtful lay citizens.

Several hundred people of each type Jjoined to develop or
review objectives. The Science objectives, and
subsequently, the Science exercises, were put into final
form by the Educational Testing Service under contract with
National Assessment.

Subject matter experts, other educators, and lay people,
thus defined four major objectives for Science:

1. Know fundamental facts and principles of Science.

IT. Possess the abilities and skills needed to engage
in the processes of Science.

IIT. Understand the investigative nature of Science.

IV. Have attitudes about and appreciations of scientists,
science, and the consequences of science that stem
from adeguate understandings.

These were amplified by statements which explained in detail
what each major objective included. Illustrations of types
of behavior which could indicate whether the objective and
subobjective were being attained were also appended.

For example, a subobjective under Objective IT states that
individuals should have the ability to identify and define
a scientific problem. At age 92, children should be able to
recognize problems in simple, familiar situations. At age
13, children should also be able to recognize problems in
unfamiliar situations. The 17-year-olds should be able to
define the problem reasonably well in terms which would
* .

The complete statements of objectives and subobjectives
are given in:
Norris, Eleanor L. (Ed.) Science objectives. Ann Arbor,
?%g%igah: Committee on Assessing the Progress of Education,




allow investigation. Adults should be akle to recognize
problems in situations which are related to their own recent
experiences, rather than in situations that are "bookish."

Once objectives were stated, writing of exercises began.
Exercise writers were told to develop exercises:

1. that sample some important knowledge, skill, or
attitude,

2. in whatever form or mode seemed most appropriate to
the assessmert of a particular objective, and

3. that call for knowledge and skills of varying
difficulty, some which almost everyone has acguired,
some which only about half have accuired, and some
which only the most able are expected to do.

The first regquirement—--—to sample knowledge, skill, or
attitude, needs little explanation. The second, that
exercise writers should choose any suitable format, perhaps
is an unusual requirement. The intent was to encourage
writers to use the best format for the type of knowledge

or s8kill being assessed. To see whether a certain task can
be performed, for example, an exercise could ask the
respondent to perform the task rather than ask him whether
he can do it, or to describe how he would do it. On the
other hand, to learn whether the respondent knows a
particular fact, a simple multiple-—-choice exercise may be
most appropriate. Most Science exercises are multiple-
choice’, but there are several performance exercises which
require the respondent to manipulate an apparatus to answer
certain questions and a few short answer exercises.

To describe the National Assessment policy on spread in

difficulty we can again guote from Dr. Tyler:

The traditional achievement test is constructed to

measure individual differences and to furnish reliable
average scores for grades or schools. The test items,
th=refore, are concentrated on those which are typical
of average performance. Exercises which all children
or nearly all children can do, as well as those which




only a very few can do, are eliminated from such
tests. In reviewing current tests to see whether
they could be used in the National Assessment, we
found that more than 80 percent of the items in

the most widely used achievement tasts would be
answered correctly by 40 percent to 60 percent of
those who took them. Only about five percent of
the items were exercises which could be answered
by students in the lower third of the class, and
another five percent represented tz-ks appropriate
for the upper third. For assessing the progress

of education, and for informing teachers, principals,
and parents in local schools about the achievements
of their children, we need to know what all
children are learning—--~the disadvantaged or "slow"
learners, the most advanced, and the middle or
"average." The construction of exercises
appropriate for these purposes has been a
challenge... .

A number of other policies were established, including:

1. Exercises must have content validity. Simply

' stated, this means that an exercise must clearly
belong to the area of knowledge, skill, or attitude
with which it is identified.

2. Exercises must be written so that it is possible to
distinguish acceptable from unacceptakle responses.

3. Exercises must be stated so that the respondent
understands what is being asked of him. In Dr.
Tyler's words: "It is extremely important to
distinguish between failure on an exercise because

the child doesn't undarstand what he is asked to do
and failure because he is unable to do thﬂ task. "k

Tyvler, Ralph W. National Assessment-some valuable by-—-
products for schools. In The National Elementary Principal,
May, 1969, 48: 6, 45.

**

Ibid.
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Exercise writers generated a large pool of exercises, not
all of which could be used. Many were inconsistent with
some one of the National Assessment policies. The adeguacy
of those retained for use was checked by having exercises
reviewed for soundness by subject matter experts and by lay
people for pertinence and absence of offensiveness.

The number of accepted exercises was too large for all to be
administered. Frank B. Womer, NAEP Staff Director,
discusses this point:

Time available for administration became the crucial
variable in setting the upper limits for the number
of exercises to be used during the first year of
assessment. On the average about 160 minutes of
assessment time were avallable for each subject
area for each age. This was dictated by monies
available for the actual field administration

work. This meant that for each age group selected,
all of Science had to be sampled in about 160
minutes, all of Writing in alout 160 minutes, and
all of Citizenship in about 160 minutes. When
multiple-choice exercises were used primarily, as
in Science, quite a few could be asked in 160
minutes *

This reference to the 160 minutes in which to assess Scilence
might lead one to think that each respondent had to spend
160 minutes on each of three subject areas-—480 minutes in
all--to complete his contribution to the project. 1In order
to avoid such a demand for time, exercises were divided so
that any one respondent gave only 40 to 50 minutes. 1In that
time he could receive directions and complete the booklet,
or package, of exercises assigned to him. For example, one
package of exercises used in 1969 contained 11 exercises.

Of these, seven were Science exercises, three were
Citizenship exercises, and one was a Writing exercise. The
purpose of National Assessment is to report the proportion
of people able to answer certain exercises successfully, not
to score each individual who participates. Administering
exercises in packages provides the necessary information
without overburdening the individual respondents.

* Womer, Frank B. What is National Assessment? Ann Arbor,

Michigan: National Assessment of Educational Progress;
P. 20=21.
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APPENDIX B

Definition of Terms

The major reporting categories used in this report are:
Age. Region, Size of Community (SoC), Type of Community
(ToC), Sex, Color, and Parents' Education.

1. Age: Four age levels were assessed. Three of these
were in~school==9, 13, and l7-year-olds; and two-=--=17s
and young adults—--were out-of-school, sometimes referred
to as the household sample. The criteria used or the
operational definitions of the four ages are as follows:

9s--Born between 1/1/60 and 12/31/60

i3s~-Born between 1/1/56 and 12/31/56

17s=-=In-school: Born between 10/1/51 and 9/30/52
Out-of-school: Born between 10/1/50 and 9/30/51
and not enrolled in school in March '68 OR born
between 10/1/51 and 9/30/52 and not enrolled in
school in March 1969.

voung adults--Born between 7/1/33 and 6/30/43

2. Region: Four geographical regions are being used for all
age levels--Northeast, Southeast, Central, and West. The
states falling in each of these four regions, for report-
ing purposes, are as follows.

Northeast Southeast Central West
Del. Ala. N.D. Hawaii
Maine Ark. s5.D. Alaska
N.H. Fla. Iowa Idaho
vVt. Ga. Kansas Mont.
D.C. Ky. Minn. Wyo.
Md. La. Mo. Utah
N.J. Miss. Neb. N.M,
N.Y. N.C. Ill. Nev.
Conn. s.C. Ind. Cal.
Pa. Tenn. Mich. Ore.
Mass. Va. Ohio Wash.
R.T. W. Va. Wis. Ariz.

Colo.

Tex.

Okla.

- B-1
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Thie classification is that used by the Office of Business
Economics, Department of Commerce; the names for regions
used by OBE differ from National Assessment names for three
regions: :

Natijional Assessmept OBE
Northeast Northern Atlantic
(Southeast) (Southeast)
Central Great Lakes and Plains
Weast Wwest and Northwest

3. Size of Community (soc): The four reporting categories
for sSoc were (l) Big cities, (2) Fringes around Big

cities, (3) Mmedium=Sized cities, and (4) Smaller Places.
They were defined as follows:

SOC Category Description
Big Cities A1l central cities of the U.S. with a

population of 200,000 or greater.

Fringes around For each county containing a city in
Big Cities the Big City SOC category, the region of

the county not within the city limits
plus all counties within the same Stan-
dard Metropolitan statistical Area (sMSA)
as the "Big Ccity". :

Medium—-Sized A1l SMSA counties not included in Big
Cities cities or Fringes SOC categories plus all

counties which contain at least one city
of 25,000 people or more. Tf such a city
was a part of more than one county, the
county with a majority of the city
population was classified here.

Smaller Places All counties and combinations of counties
with a population under 25,000 not included
in the above categories.
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Type of Community (TOC): Exploratory analysis of a
substantial number of exercises for a classification
into about 7 kinds of community indicated rough
gradations of performance, differing from exercise to
exercise, with the extreme behavior shown by two or more
of (1) small places, (2) large cities, (3) suburbs.
The size of community classification which was used in
designing and implementing the sample, revealed this
behavior, but only to a limited degree. The Type of
Community (ToC) classification was developed to show
more clearly how large the extreme differences in
performance are. :

By classifying schools rather than counties, it was
possible to identify much more uniform groups. One
extreme group was selected in each of the three
directions indicated by the exploratory analysis:

(1) schools where high proportions of parents were
farm workers and only low proportions were factory or
professional workers, (2) city schools where a high
proportion of parents were either not regularly
employed or on welfare, and only a low proportion
were professional or managerial, (3) near-city and
city schools where a high proportion of parents were
professional or managerial and only low proportions
were factory or farm workers, not regularly emploved
or on relief.

Smaller extreme groups would have been more extremej;
larger extreme groups would have had better determined
percentages of success. The sizes of the three extreme
groups, close to 10% of all those assessed, were chosen
as a compromise between more extremeness and better
determination. '

(Since only schools at which assessments were made were
classified, no one can draw a map showing which areas
of the U.S. belong to each Type of Community group.
Where such a possibility is important, the TOC grouping
is inferior to the SOC grouping. To give a good idea
of broad extremes, on the other hand, the TOC grouping
is much more revealing than the SOC grouping.)

The four classifications are referred to as:



1. Impoverished Inner-City
2. Affluent Suburb

3. PFarm and small town

4. Remalnder

The "extremes" were identified by NAEP staff using responses
from gquestions 2 (size) and 3 (occupational level) of a
questionnaire filled out by each high school principal.
Questions 2 and 3 of the questionnaire are reproduced below.

Q. 2. Approximately what percentage of the students
attending your school live in each of the following

areas?
______ % A In a rural area (Less than 2,500)
% B In a town of 2,500 to 10,000
% C In a town of 10,000 to 25,000
% D In a city of 25,000 to 200,000
% E In the suburbs of a city of 25,000 to 200,000
__% F In the inner part of a city over 200,000
% G In the residential area within the city limits
of a city over 200,000
% H Outside the city limits of a city over

200,000 but withih the residential area
served by the city

100% (This column should add to 100%)

Q. 3. Approximately what percentage of the students
attending your building are children of

_____% A Professional or managerial personnel
_ % B Sales, clerical, technical or skilled workers
% C Factory or other blue collar workers
_____ =% D Farm workers
B % E Not regularly emploved
% F On welfare

10024 (This column should add to 100%)
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Computation of "Extremes"

Impoverished Inner-City: All schools located ip tb - inner
part of a city over 200,000 OR
in the residential area within
the city limits of a city over
200,000 OR outside the city
limits of a city over 200,000
but within the residential area
served by the city were identified.
(F,G,H, in Q.2) The following
index was computed on the basis of
responses to Q.3. K
I;c = (E+F) ~ A
These values were then used to
classify the "extreme" Impover-
ished Inner-City schools.”
Affluent Suburb:. All schools classified as being
in the inner part of a city over
200,000 OR in the residential
area within the city limits of a
city over 200,000 OR outside the
city limits of a city over
200,000 but within the residential
area served by the city were
identified. (F,G,H, in Q.2.) Then
on the basis of the principal's
responses to Q.3., the following
index was computed:
Ig =& - (C+D+E+F)
These values were then used to
classify the "extreme" Affluent
Suburb schools.

* . . B
The "cut-off values" for each TOC group are given 1n the table

on B-G.




Farm and Small Towns: Ali schools classified as being
in & rural area (less than 2,500)
OR in a town (2,500-10,000) were
identified. (A+B in Q.2.) Then
on the basis of responses to ¢.3.
the following index was computed

I =D - (C+2A)
R

The values of these indices were
used to determine those schools
classified as coming from Farm
and Small Towns.

Remainder: All schools not classified as
Farm and Small Towns, Impoverished
Inner-City, or Affluent Suburb.

Note 1l: There were a few instances where there was either
a misclassification made by the principal, OR there was
missing data, OR there was a paucity of schools selected
using the index computed by the formulas described above.
When this was the case, NAEP staff used their field
personnel, atlases, maps, etc. to classify schools.

Note 2: In some earlier material issued by National
Assessment the words "Type of community" were used for what
is here called "size of community."
Cut=0ff Values of Indices for Defining TOC
In-School Samples

: 1
TOC Sub- 9=year—-olds l13=year-olds l7—=year-olds
Population - _Cut-—off 2 value of Index
Inpoverished
Inner-City .16 .17 -.07
Affluent Suburb 0 i ~-.30 .08

Farm and Small
Places =.20 -.20 -.10
g;i The constraint with respect to Question 2 was not applied
as rigorously at age 17 as at the other 2 ages.
Schools that had an index value greater than or equal to
its cut=off value were included in the stated TOC category.

6
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5. Sex: Data are reported for Males and Females

6. Color: Data are reported for Blacks and non=Blacks.
Color classification was based on observation of the
respondent at the time of the administration by the
field staff member who administered the package.

7. Parents' Education: All data are reported in terms of
the highest level of education of either parent or
guardian of a l7-year=-old respondent. Parents'
Education is reported as follows:

IL.evel 1. Less than or equal to 8th grade

Level 2. More than 8th grade but not a high school
' graduate

Level 3. Graduated from high school

Level 4. Some formal education beyond high school




Appendix C
%
STRUCTURE OF SAMPLING AND WEIGHTING
I. Introduction

The sample for the National Assessment of Educational Progress was
designed with several general objectives in mind.

(1) To represent adequately certain subpopulations specified by
NAEP, including the oversampling of some of these subpopula-
fions to obtain a more nearly balanced sample.

(2) To allow the administration of several packages of exercises
with each package comprising a single survey in the usual
sample design sense.

(3) To obtain precise estimates at the lowest possible cost.

(4) To allow for subsequent manipulation of the data by NAEP or
its advisory committees to obtain subpopulation specific
estimates on a post-definitional basis.

(5) To facilitate smooth field operating procedures and control
the workload at any single sample point.

(6) To the extent possible within the above objectives, to provide
for relatively simple estimation procedures.

As a result of considering these several objectives, the sample
design has evolved into a stratified multi-stage design. However, most
of the stages are due to the methods of administration of the packages
and the oversampling of low socio-economic status (SES) l7-year-old
students within schools.

Since there are several packages, several exercises per package,
and several possible responses per exercise, the number of estimates
which may be called for from each subpopulation is large. As an example,
for seventeen-year—-clds, 14 different packages were used. If each package
contains an average of 15 exarcises with 5 multiple choices per exercise
(or equivalently, has a 5-point reporting scale), then 1050 (14 x 15 x 5)
separate estimates could be computed for each subpopulation. The
estimate, P , will pertain to a specific exercise and a specific scale-
point or category for that exercise; e.g., consider the subpopulation of
all 17-year-old males in the United States and an exercise that requires

a '"yes" or "no" answer.

Prepared by J. R. Chromy and D. G. HofVitz; Research Triangle Institute.
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A population parameter, El , i1s defined as follows

P,o= 5 (L)

where X , the denominator, is the total number of 17-year-old males in
the United States, and Y , the numerator, is the number of such males
that would answer "yes" to the exercise. Similar parameters could also

be Zefined for those answering ''mo," P2 s and for those answering ''T
don't know," Py . Note that
Pl + P2 + PB = 1, (2)

provided each 17-year-old male would give one of the three answers.
Each of these parameters, say Pi , 1s estimated by first estimat-

ing the numerator, Y , and denominator, X , and then expressing the
estimate, P , as

(3)

Law )
I
B |y

where X and Y are the estimates of X and Y , respectively. Such
an estimate is called a "combined ratio estimate" when it is applied to
a stratified sample. The sample design and the estimation procedures

described here provide for unbiased estimates X and Y of X and Y.

The following sections describe the sample design and associated
estimation procedures at each stage.

O
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A population parameter, Pl , is defined as follows

E’l = 3 (1)

where X , the denominator, is the total number of 1l7-yzar—-old males in
the United States, and Y , the numerator, is the number of such males
that would answer "yes'" to the exercise. Similar parameters could also
be Zefined for those answering '"'mo," P, ., and for those answering "I
don't know," P3 . Note that )

P, + Py +Py = 1, (2)

pravided each l7-year-old male would give one of the three answers.

Each of these parameters, say Pi s 1s estimated by first estimat-

ing the numerator, Y , and denominator, X , and then expressing the
estimate, P , as

iy
I
B ey

(3

where X and Y are the estimates of X and Y s respectively. Such
an estimate is called a '"combined ratio estimate'" when it 1s applied to
a stratified sample. The sample design and the estimation procedures

described here provide for unbiased estimates ¥ and Y of X and Y.

The following sections describe the sample design and associated
estimation procedures at each stage.

P

c-2 = 18b
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I. First-Stage Sample Design and Estimation Procedures

A. Frame

Listing units arz small geographic areas with readily identifiable
boundaries. For National Assessment listing units usually consist of a
county; in some cases, listing units are made up of several counties in
order to meet the minimum size requirement (16,000 persons). Other
listing units are parts of counties. Large central cities could thus be
sampled independently of surrounding areas falling within the same courity.

For National Assessment the first stage or primary sampling units
PSUs are portions of listing units, containing approximately 16,000
persons as of the 1960 census of population. A listing unit always
contains at least one primary sampling unit; some listing units contain
several; e.g. the city of San Francisco is a listing unit and contains
45 primary sampling units as defined above.

Every square foot of land area in the 50 states and the District of
Columbia was assigned to some listing unit. The number eof primary sampling
units in each listing unit was determined or assigned on the basis of the
population of the listing unit. The detailed array of these listing units
is called the sampling frame. This type of sampling frame is sometimes
referred to as an area sampling frame.

B. Sample Size and Allocation

One of the sample design decisions was to fix the second-stage sample
size per primary sampling unit. This course was taken to satisfy objec-
tive (5) in Section I above. It was decided that a sample size of 2,000
responses per exercise would provide sufficiently precise estimstes at
the national and regional levels. A somewhat larger sample size (about
2500 responses per exercise) was considered necessary for exercises
administered in group sessions because of the higher intraclass correla-
tion effect. Optimum cluster size was determined on the basis of minimum
variance for a fixed cost assuming caref.:lly chosen approximate cost and
variance functions. These factors entered into the decision to use a
sample size of 208 PSUs with 10 to 12 observations per package in each
PSU. .

The 208 PSUs were allocated equally to the four major regions of
the U. S. with 52 being assigned to each. The nexnt major partition of
the listing units within regions was by size of community categories or
strata. PSUs were zllocated to the size of communiity strata on a
proportional-to-population basis within each region. The sample PSU
allocation is shown in Table 1.
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Table 1

Sample PSU Allocation by Region and Size of Community

Size of Community Category #

_Region 1 2 3 4 Regional Totals
Northeast 15 15 15 7 52
Southeast 8 6 15 23 52
Central 12 12 12 16 52
Wegt 15 14 12 11 52

54 57 208

U. s. 50 47

* The four columns of the Size of Community Category (S.0.C.)
represent: (1) central cities with a 1960 population of
180,000 or greater; (2) metropolitan areas around these
(8.0.C. 1) cities; (3) other metropolitan areas and other
counties containing a city with 15,000 or more persons in
1960; and (4) all remaining areas.
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C. Stratification

Each listing unit corresponds to some iden' "fiable land area which
has associated characteristics. Thesze characteristics were used as
stratification variableg.l/ As mentionad earlier, each listing unit
fits uniquely into one region and one sgize of community category.

Further stratification (labelled "serial) of the listing units was hased
on a combination of g listing unit income variable (percent of familien
earning less than $3,000) and geographic location within regiofl. No
attempt <wvis made to guarantee that each state have at least one Sampling

unit,

Table 2 shows the SNPs (sample number prefixes) that result from
the allocation of the zample to region, size of community, and location
(listing unit-income groups). Allocation of the samples to the SNPs
had to be disproportionate and involved some deliberate oversampling of
the SNPs with low listing unit incomes, but Proportionate allocation
was used within gnps,

In general, two PSUs were selected from each stratum in order to

I zains from Stratification and ¥Yet retain the ability to
compute estimates of sampling errors from the survey data without further
assumptions. Whenever an odd number of PSUs was selected from some
larger subset of the sampling frame, one of these PSUs was selected

from a "half-stratum." Table 2 glso provides data on the number of Ppgys

and strata for each sMP.
D. Specification of Primary Sampling Unjits Within Listing Units

It has been stated that each listing unit: Containg at least one
Primary sampling unit (PSU) and thar the I
listing uni
States. The method of sampl

At first examination, it
selection method should have been a list of primary sampling units,

However,




Table 2
Primary Sampling Units by SNP

Total Number Number of PSUs  Number of

Samplﬁ*ﬁpmbgrrPrii;x (SNP)mi of PSUs in Sample Strata
Region S.0.C. Serial N 0 kel
1 1 1 275 5 2+
1 1 2 38 2 1
1 1 3 124 4 2
1 1 4 77 2 1
1 1 5 33 1 +
1 1 ) 41 1 +
1 2 1 870 15 7t
1 3 1 155 5 2+
1 3 2 645 10 5
1 4 1 57 2 1
1 4 2 275 5 2
(2590) (52)
2 1 1 361 8 4
2 2 1 288 6 3
2 3 1 120 5 2+
2 3 2 545 10 5
2 4 1 161 7 3t
2 4 2 760 16 8
(2235) (52
3 1 1 564 . 8 4
3 1 2 43 2 1
3 1 3 66 2 1
3 2 1 738 12 6
3 3 1 140 4 2
3 3 2 616 8 4
3 4 1 150 5 2t
3 4 1 682 11 5%
(2999) (52)
4 1 1 451 11 5%
4 1 2 42 3 1+
4 1 3 32 1 +
4 2 1 360 9 4+
4 2 2 205 5 2+
4 3 1 66 3 1+
4 3 2 450 9 4t
4 4 1 60 3 1+
4 4 2 288 .o 8 41
(1954) (52)
(9778) " (208)

* The first digit of the sample number designates the region as: (1) North-
east; (2) Southeast; (3) Central; or (4) VWest.

*% The second digit of the sample number designates the size of community
(S.0.C.) stratum as: (1) central cities wich a 1960 populaticn of 180,000
or greater; (2) metropolitan areas around these (8.0.C. 1) cities; (3)
other metropolitan areas and other counties containing a city with 15,000
or more persons in 1960; and (4) all remaining areas.

Q@ **%% The symbol "+' indicates a "half-stratum."
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selactions of one or two labels were made from random number tables. 2/

It was then possible to identify the listing units involved 3n the sample,
since these were the ones containing the selected labels. Tt was not
necessary to partition or construct PSU s within ary other listing units.
In the example given in Table 3, the listing units of Bergen County, Ney
Jersey and Broome County, New York were selected by the random numbers 24
and 79, sincesthe corresponding labels are included in those assigned to
the PSU s for these listing units.

Within selected listing units, PSU = were constructed in one-to-
one correspondence with the labels assigned to the listing unit. Since
the label selected was known, the assignment of the labels to the PSU s
was accomplished in an unbiased fashion by using a table of random
permutations.é

This method of selecting and forming PSU s is particularly adaptable
to National Assessment, since four different age-defined target popula-
tions must be sampled: 9-year-olds, 13-year-olds, l7-year-olds, and young
adults between the ages of 26 and 35. For the young adult sample, the
primary sampling unit can be defined as an area unit just as the listing
unit has been defined as an area unit, since this target population will
be sampled by means of a household survey. The same principle holds for
l7-year-olds who have completed or dropped out of high school. Nine-
year-olds, l3-year-olds, and in-school 17-year-olds are sampled through
their schools. Therefore, a list frame of schools within each selected
listing unit must be used to construct the primary sampling units for
these student populations; the PSU s for the different age groups will
not normally coincide since the enrollment of students of a particular
‘age depends upon the grade range taught at each school.

A general rule followed in the formation of PSU s within listing
units was to form heterogeneous clmusters with particular emphasis placed
on representing some of both the high and the low socio-economic status
populations within the listing unit.

E. The Out-of-School Sample

As indicated above, the same basic primary sample design applies to
both the in-school and out-of-school (houseiwls) samples. The difference
between the two primary samples is that the PSU in the school sample is
defined in terms of persons enrolled in school and belonging to certain
age groups while the PSU in the household sample is defined “n terms of
the household population belonging to certain age groups.

2/ The RAND Corpo:ation A Million Random Digits.

3/ Moses and Oakford, Tables of Random Permutations.
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The target populations for the household sample are:

(1) Adults 26-35.

(2) Out-of-school seventeen-year-olds.

In both the in-school and out-of-school samples, the primary sample
consisted of a stratified Fandom sample of 208 PSU s. The same random
draw was used to select PSU s in.both samples:; however, the ultimate
definition of each PSU was achieved by different methods because of
different definitions of the target populations.

F. Estimation Procedures at the First Stage

Consider again the estimation of some population parameter, P ,
which refers to a particular target population and a particular category
of response on a single exercise. The following parameters are defined
for the i-th PSU within the h-th stratum:

Xhi = the number of persons in the target population
in the i-th PSU of the h-th stratum, and
Yhi = the number of such persons that choose a
particular response category to the exercise.
These parameters are related to X and Y in Section I (Introduction)
by the relations
L Nh
X = ¥ ¢ X, , and (4)
=1 i=1 M
L Nh
Y = © I Y (5)
h=l 1=1 0¥
where Nh is the number of PSU s within the h~th stratum and L is

the total number of strata.

Xhi

If and Yhi were determined for each PSU selected in the

sample, the population parameters X and Y would be estimated by
X and Y , respectively as:
. L N "h ,
X = z 'fT— z Xhi s and (6)
h=1 "h i=1
c-9
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Y = n -— ¢ I Y,. s (7)
h=1 Dh i=1 DI :

where ny is the PSU sample size for the h-th stratum.

Since not all eligible persons in a PSU are included in the sample,
and since, for the most part, each person in the sample responds to only
one package, the parameters Xhi and Yhi will not be determined

exactly. Instead, these parameters have to be estimated on the basis of
data collected from a small subsample of the total PSU. The subsampling
procedures and related within-PSU estimation procedures are discusced in
Section III. 1If the estimates of xhi and Yhi are denoted by .

1 hi
and ihi , respectively, formulas (6) and (7) can be restated in terms
of the PSU estimates as

. L N h .
X = ¥ — ¥ X, . , and (8)
n, . hi
h=1 "h i=1
. L N Pho.
Y = I — I Y ., . (9)
h=1 Ph i=1 P¥
The combined ratio estimate of P can then be written as
L N "h.
- z -;1=;= z Yh"
, Y. _ b=l "h =1 7
P = = = - (10)
X L Nh n
z P kX Xh.
h=1 "h i=1
G. Sub-Population or Domain Estimatesg

It should be noted that formula (9) above is equally applicable to
an aggregate population estimate or to any subpopulation estimate as long

as the Yhi and xhi are defined with respect to the subpopulation o

domain of interest. The subpopulations may be defined in advance of
sampling or in an after-the-fact manner. Usually the sample size for a



specific subpopulation will itself be a random variable. Hartley
presents the theory of mean and variance estimation and gives appropriate
formulas under several sample designs.Z.

The parameters, Xhi and Yhi , may both be equal to zero for
several PSU s if these PSU s do not contain any members of the sub-
population of interest. The sample estimates, Xhi and Yhi , may

be equal to zero for this same reason, and they may also be equal to =zero
in some PSU s due to sampling even when the associated parameters Xhi

are not equil to zero. Some restraint must be exercised in

and Y, _ .

hi
defining subpopulations of interest to insure that at leas some of the
Xhi are non-zero. An examination of the sample size and variance with

respect to each subpopulation estimate will provide guidance for defining
subpopulations after the fact for which appreciably precise estimates
are possible.

s/ Hartley, H. 0. (1959), "Analytic studies of survey data,'" Instituto
. di Statistica, Rome, volur in honor of Corrado Gini.
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ITTI. Second-Stage Sample Design and Estimation Procedures

A, The Sampling Problem Within the PSU

The requirements placed on the sample design within each PSU for
the National Assessment of Education differ in several ways from those
usually considered in designing a multi-stage survey. The most distine-
tive features involve the use of several packages combined with the
requirement that a probability subsample be used for each package. This
amounts to simultaneously designing samples for several separate surveys
and constructing estimates for each of these surveys. Moreover, in the
school sample, administration modes of the packages differ. The within-
PSU sample design for packages administered to group sessions differs
from the sample design for packages administered individually.

B. The In-School Sample
1. The sample design

An additional constraint or construction of PSU s was that at
least two schools should be involved in the sample within each PSU.
Generally, PSU s within listing units have been formed so as to constitute
a heterogeneous sample of the listing unit. The number of schools
associlated with each PSU was minimized subject to the above constraint
and the requirements that all elementary and secondary schools (public
and private) be included in the sampling frame as part of some PSU for
nach age—specific target population.5/

Although the actual size of PSU in terms of number of students
of a specific age group will vary from PSU to PSU and can only be deter-
mined after the fact, a target PSU size of 250 to 350 students in each
age group was expected in each PSU based on the general population data

- used in constructing the sampling frames. .Random subsamples of the 250 to
350 students in each of the three age groups actually participated in
National Assessment. Since the PSU size is limited and each PSU must
involve at least two schools for each age group, some large schools
contribute to several PSU s. As an exampie, a school with 900 17/-year-
old students might contribute 150 students to the construction of each
of 6 different PSU s. The definition of a particular PSU involves a
1ist of schools. For each school listed, a special factor, S , is
computed which indicates the proportion of that school belonging to
the PSU. An example of such a listing is shown in Figure 1. The school
factor, & , for each school is shown in column 10 of Figure 1.

2/ Scuools listed as teaching a grade span with an upper limit no higher
+han the eighth grade were assumed to contain no 17-year-old students.
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Whenever school personnel in the l7-year-old sample were willing
to do so, they were asked to preclassify the eligible students on a judg-
ment basis into two SES classes: (1) the lowest one-third and (2) the
upper two-thirds. This information was used to more nearly balance the
sample by SES class within schoeools through oversampling of the first
category. Alternate sets of sampling instructions were used by field
perscnnel in selecting respondents depending upon whether this additional
information was provided by the scheool. This further classification and

-pversampling of the low SES students was not used in the 9- and l3-year-
old samples.

2. Package assignment

An important part of the sample design was the method of
assigning specific packages of exercises to schools in the sample. The
sample design allowed every school with some enrollment of 9-year-olds,
13-year-olds, or l7-year-olds to come into the sample with a positive
probability. Two different methods of package administration were used
in the school sample:

(a) Group package .dministration to groups of 12 students
(b) Individual package administration

In addition, a special group interaction package was administered in a
subsample of 32 PSU s by specially trained administration teams. The
number of packages by type and by in-school age groups and the planned
sample size per package are shown in Table 4.

Current-year estimates of enrollment for the sample age group
were o' tained in each sample school by field personnel on their first
visit o each PSU. The package assignment procedure was then performed
by central office sampling staff using a special random permutation
procedure. By ranking schools in each PSU on the basis of an SES index
and using a random permutation of group package numbers to assign
packages to schools in the first PSU of a stratum and then using the
same random permutation in reverse order to assign packages to schools
in the second PSU in a stratum, some balance in the distribution of each
package sample by SES was obtained. Specific instructions for the s2lec-
tion of students for each package were sent to field personnel prior to
assegsment week in each PSU.

3. Estimation

In the i-th ¥SU of the h-th stratum, estimates, ihi and
§hi , are needed for formula (10) in Section II. These values are
estimated on the basis of 12 responses for group package exercises and
9 responses for individual package exercises. TFor the j-th respondent
to a package in the PSU and a specific target population estimate of P




Type of Package

Individually
administered

Group administered

Special group

Table 4

Package Types and Sample Sizes

Number of Packages Planned Sample Size/Package
9s 13s I7s FSU s Students
2 3 2 208 1872

8 9 11 208 2496

1 1 1 32 1536

C-15
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for a particular res
variables are define

Xhij = 1
0
Yhij
0

The PSU wva

?hi -
Ty T
where is the

Phij
respondent in a part
teen selected.

ponse category to a given exercise, the following
d:

if the j-th respondent belongs to the
target population

otherwise

if xhij;l , and the respondent chose the

particular response category to the exercise
otherwise.

X and Yhi are then estimated as

lues hi

5 _hij
" P, ..
i hij

, and (11)

|
.‘j
H

(12)

e
o

hij

conditional probability of including the j-th

icular package sample given that the i-th FSU has

For group packages, the values Phij depend upon three
factqrs: (1) the number, Ghij , of group Packageg assigned to the
respondent's school for the i-th PSU; (2) the number, Rhij , of eligible
students in the respondent's school; and (3) the school factor, Shij s

as defined above, denoting the proportion of the school belonging to the

i-th PSU.

For group
one school.

packages, all 12 respondents generally came from

An individual's probability of selection for a group package

for l7-year-old s, for example, where 11 group packages were used, is

expressed as

(13

nedD c-16



if SES preclassification had not beeh done, or

G ) )
- (hig 6
Phay ~ ( 11 )<Rhijshij> (s

if SES preclassification had been done. In formula (13), Rhij repre-

sents the number of eligible respondents in the school since it assumes

no preclassification. In formula (14), Rhij represents an SES pre-

classification category within the school. 8imilar formulas to (13)

and (14) are used for the appropriate Phij for individual package

respondents.

Respondents to individually administered packages generally
came from several schools. The computation of the probabilities is some-
what more complex depending upon the method of assignment. In both
cases, the appropriate expansion factor or weight, Whij » for each

response consists of two parts as follows:

Yhij = P, = “hij “hij

where is the part of cl/Phij> computed in advance by the

a, .,
“hij
central office staff based on the methods of constructing PSU s and

of assigning packages, and Rhij is the number of eligible students in

the j~th student's school (and SES preclassification category if dons).

The complete estimation formula assuming the plammed sample
sizes are realized is
-3

%y

LT R ;
i=1 j “hij “hij Yhij ,

= : (16)
b
o Lt e R, ..
i=1 j “hij “hij *hij

[ v I

[%]F |2

g

jony
il
H
ol
j=nd

In some cases fewer respondents actually participated in a
particular package within a school than the planned sample size, nhij ,

for that school. In order to utilize the nhij as computed in advance,



a correction factor, 'fﬁij , was computed to correct for the within

school non-response. This was computed as

£ - _hij (17)

where is the planned package sample size and n' is the

Mhig ‘ hij
realized package sample size within a school. Neote that if things

proceeded as planned, the factor fhij is equal to one and does not

alter the calculation.
C. The Qut—-of-Schoel Sample
1. The sample design

As discussed previously, each primary sampling unit in the
household sample was defined within a larger geographic unit called a
listing unit. The listing unit consisted of a contiguous land area
bounded by county boundaries, city limits, or town boundaries (New
England States). Generally, it was a county, a part of a county, a
large city, or a combination of two or more such units.

The average size of a PSU was planned at about 16,000 persons.
Large listing units contained several PSU s. Each individual P5SU in
the household _ample was further defined as a systematic sample of
secondary sampling units (85U s) within the listing unit. For example,
if a listing unit had a 1960 population of 46,000 persons, it was assigned
three PSU s in the process of developing the sampling frame for primary
sample selection. All 55U s in the listing unit were listed in a single
or combined list; the ordering of the list was predetermined by the
second stage stratification variable discussed in the next paragraph.
The first of the three PSU s assigned to the listing unit was defined to
consist of the lst SS8U, 4th SSU, 7th 88U, etc. in the combined SS8U
listing; the second PSU consisted of the 2nd SsSU, 5th S50, 8th 88U,
etc.:; the third PSU consisted of the 3rd 55U, the 6th sSsU, 9th SSsU, etc.

The secondary sampling units were defined to be clusters of

35 to 40 housing units on the average. Each SSU was expected to yield
about 12 1/2 eligible adult respcndents. Initial plans called for the
selection of 10 8SU's per PSU. Stratified random cluster sampling was
used to select these 10 88U's. Local area SES data (percent of families
earning less than $3,000) at the census tract or minor civil division
level was used to order the list of smaller geographic areas within the
listing unit by increasing income level. The stratification was then
applied to the ordered list. The low SES end of the list (the one-fourth

18
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vith lowest income) was sampled at twice the rate of the remaining part
of the list.

The basic within-PSU secondary sample stratification involved
5 secondary stratsa. Two sample elements were selected at random without
replacement from each stratum. The first two strata were smaller than
the remaining strata to effect the over-sampling of the low income or
low SES pcpulation. The stratification is illustrated in Table 5 for
a PSU with 152 S5U s.

2. Package assignment

Ten packages of exercises were compiled fcr the out-of-school
adult sample, eacl containing a different subset of the exercises. To
eliminate any excessive burden on individuals asked to participate, only
one of the ten packages was administered to each adult respondent.

As eligible adult respondents were identified in the household
screening process, each one was asked to complete a different package
in package number sequence. A different starting package in the sequence
was used in esach of the 10 segments, so that all packages would be
administered about the same number of times. As an example if the
starting pack:ge in an SSU was 7, packages were assigned to respondents
in the following order: 7, 8, 9, 10, 1, 2, 3, ....

Thirteen different packages were used for seventeen-year-olds.
Each out-of-school seventeen-year-old was asked to respond to a set
of 4 or 5 packages (two sets were made up of 4 packages, one set was
made up of 5 packages); out—-of-=sgschool sgeventeen-year-olds were given an
incentive payment of ten dollars for completing the set of packages.

3. Estimation

Since all eligible respondents in each SSU (cluster of housing
units) are in the sample, the probability of selecting a particular
individual is the probability of selecting the S5U of which he is a
member, or simply, (nhi'/Nhij) , where

3

number of 5SU s in the j-th secondary stratum
of the i-th PSU of the h-th primary stratum.

Nhij

Dygs = number of SSU s sample in the j-th secondary
- stratum of the i-th PSU of the h-th primary
stratum.

The observations of a respondent on a particular exercise in
a particular package are coded as:

ERIC o203
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Table 5
Example of Secondary Stratification

and Sample Allocation of the

Basic Household Sample

Secondary Stratum Number of Number of Sampling
Number §$5U s Sample SSU s Rate
B R _Thiy “hij
1 19 2
2 19 2
3 38 2 .0526
4 38 2 .0526
5 38 2 .0526
Totals 152 10

c-20




S = 1 4if the 2-~th respondent in the k-th SSU

hijks of the j—-th secondary stratum belongs to
the population of interest and completes
the package
0 otherwise.
yhijkﬂ 1 if xhinQZl and the respondent chose
the particular response category to the
exercise
0 otherwise.
The PSU values of Xhi and Yhi are then estimated as
i} 1n. N. .
- N, .. hij hijk == ..,
x, = z—24 3 p ikt
j hij k=1 2=1 o
n N
. N, .. hij hijk vy, ... .
Yhi = 3 ﬁhlj 5 5 h;lkl
j "hij k=1 =1 o

where Pa is the probability of selecting package o (1/10 for adults

and 1/3 for seventeen-year-olds) and Nh*'k is the total number of
eligible respondents in the SSU. e

Since not all of the sample households were =acreened, nor did
all of the eligible respondents complete a package of exercises, it is
necessary to modify the basic design weights to be applied to the
observations in each SSU. Further modification is necessary to account
for subsampling of large SSU s. The final estimation formula can be
written with weights, Whijk , as

Z XL Z W z .

p - hij kThijk 2 “hijke (18)
Z L L Z W r
hij k "hijk 2 “hijke



N, N
h “hij 1 :
W, = ——>-F A . = (19
hijk n, nhij hijk "hijk Pa

The subscripts used in (18) are reviewed as follows:

denotes a primary stratum

denotes a PSU within stratum h

denotes a secondary stratum within a PSU
denotes an SSU within a secondary stratum
denotes a respondent within an SSU.

& E e

Other terms in formula (18) are:

Nh/nh = PSU expansion factor

Nhij/nhij = 85U expansion factor

Fhijk = Adjustment for non-response
Ahijk = Special expansion factor for

subsampled PSU s.

The estimation procedures discussed here apply generally to
both target populations (adults and out-of-school 17-year-olds). Final
estimates for all 17-year-olds involve further weighting of the results
from the in-school and out—of-schoel samples.




APPENDIX D

Data For Nine Selected Science Exercises

(The full text of each exercise is given in Chapter 3.)
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PPENDIX

e,

Results for Exercise 319%

Approximate Difference

Difference: Standaxrd Divided by
Number % Group vs. Exrror of its Standard Statement About
in Group Correct All 17s Difference Error the Difference

211 17s 2114 53.8%
Region

Northeast 563 50.5% -3.3% 2.76% =1.20 -
Southeast 446 56.2 2.4 3.73 .64 —-
Central 517 54,3 0.5 3.04 .16 -

West 588 55.7 1.9 2.55 -75 -

50C

Big City 504 52.5% -1.3% 2.54% =.51 -

Fringe 489 56.5 2.7 3.40 .79 -

Medium City 560 52.8 =1.0 3.06 -.33

Smaller Places 561 52.7 -1,1 2.67 -.41 -
roc®

Inner City 238 53.9% 0.7% 5.22% .13 —_

Suburb 165 45.7 -7.5 4,26 -1.76 may be lower
Rural 167 53.8 C.6 3.85 .16 -
Remainder 1458 54.0 0.8 l.02 .78 -

Sex

Male 1019 49.6% -4 .2% 1.67% =2.51 perhaps 4% lower
Female 1095 57.6 3.8 1.45 2,62 perhaps 4% higher
Color

Black 282 55.0% 1.2% 4._.23% - 28 -
Nen-Black 1832 53.6 -0.2 9.63 =.32 -
Parents' Education

Bth or below 151 50. 3% =3.5% 5.35% -.65 =

Some High School 343 55.0 1.2 3.47 .35 =

HS Graduate 654 55.9 2.1 2.40 .88 —-=

Post High Schoeol 926 51.7 -2.1 1.87 -1l.12 -=

2 The TOC subgroups include in~schoel 172 only. The assignment of out-of-school 17s to
TOC categories is unot yet completed. The overall % correct for in-school 17s = 53.2%.
The differences between TOC subgroups and all 17s, shown in Column 3, uses this in-school
value as the oaverall value. ]

b A fifth Educational Level category consists of respondents who could not be classified
into one of these categories. The numbers are small, and are not shown.

(17: 9-12) A S-pound rock is dropped from a eliff 500 feet high. The longer the
rock falls, the greater is its (speed).




APPENDIX D

Results for Exercise 324%*

) .. Approximate Difference

Diiference:; Standard Divided by
Number % Group vs, Error of its Standard Statem=nt About
in Group Correct All 17s Difference Error the Difference

All 17s 2214 45.9%
Region

Northeast 602 53,7% 7.8% 3.13% 2.49 perhaps 8% higher
Southeast 463 36.1 =9.8 2,73 =3.59 roughly 10% lower
Central 526 43,0 1,9 2.46 -1.18 -

West 616 48 .4 2.5 2.28 1.10 ==

s50C

Big City 521 42_ 4% ~-3.5% 3.13% -1.12 -

Fringe 538 49.8 3.9 2.19 1.78 may be higher
Medium City 573 47 .4 1.5 -3.09 =49 -

Smaller Places 582 42.1 -3.8 z.70 -1.41 -
Toc®

Inner City 186 39.4% -7.1% 4.95% -1.43 -

Suburb 1g4 56.7 10.2 4.62 2.21 perhaps 10% higher
Rural 231 32.5 =14.0 3.77 -3.71 roughly 14% lower
Remainder 1514 48.0 1.5 1.09 1.38 -

Sex

Male 1084 46.7% 0.8% 1.63% .49 -

Female 1130 45.2 =0.7 1.49 -.47 —-=
Color

Elack 261 26.4% -19.5% 3.18% =6.13 about 20% lowér
Non-Black 1952 48.1 2.2 0.39 5.54 about 2% higher
Parents ' Eduecation

8th or below 165 41.1% -4.8% 9.89% -.43 -

Some High Schicol 350 33.6 -12.3 3.04 =4.05 roughly 12% lower
HS Graduate 71¢ 45.5 =-0.4 2,22 =.18 -

Post High School 947 53.0 7.1 1.93 3.68 roughly 7% higher
a

All in=-school 173 = 46.5%.

* (17: 3-3) The musical note middle C is sounded on a violin string. and then C
one octave higher is sounded on the same string. Which of the following is
correct in comparing the two notes? (Upper € has a higher frequency and shorter
wavelength.)




APPENDIX D

Results for Exercise 329%

Approximate Difference

Difference: Standard Divided ky
Number % Group vs. Error of its Standard Statement About
in Group Corrent All 1l7s Difference Error the Difference

all 17= 2168 31.6% - i -
Region

Northeast 594 34.0% 2.45% 2.87% .84 -
Southeast 461 28,1 =3.5 2.69 ~1.30 —

Central 533 30.2 =1.4 2,09 -.67 —

West 580 33.8 2.2 2.62 .84 ==

s0C .

Big City 510 27.4% -4.2% 2.36% -1.78 may be lower
Fringe. 513 3i5.6 4.0 2,62 1.53 may be higher
Medium City 577 30.8 =0.8 2,68 -.30 -

Smaller Places 568 30.4 -1.2 2.04 -.59 ==
roc”®

Inner City 201 23.7% =10.1% 4,38% -2.31 perhaps 10% lower
Suburb 243 45.4 11.6 4.46 2.60 perhaps 12% higher
Rural 179 29.6 =-4.2 3.2¢ -1.29 ——
Remainder 1452 33.1 =0.7 0.94 -.74 -—

Sex

Male 1038 37.7% 6.1% 1.46% 4.18 roughly 6% higher
Female 1129 26.4 =5.2 1.18 -4.4]3 roughly 5% lower
Color

Black 261 13.4% -18.2% 2.64% =6.89 about 18% lower
Non-Black 1905 33.7 2.1 0.48 4,38 roughly 2% higherx
Parents' Education

8th or below 142 22.8% =8.8% 4.96% -1.77 mzy be lower
Seme High School 338 18.6 -13.0 2.38 -5.4€ about 13% lower
HS Graduate 667 28.3 -3.3 1.98 -1.67 may he lower
Post High Schoel 978 41.0 9.4 1.51 6.23 about 9% higher

a

All in-scheol 17s = 33.8%

(17:7-10) Two light waves are traveling in a vacuum. The wave with the higher

1C
frequency will have the (shorter wavelength).

It

) LD Ll
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APPENDI¥ D

Results for Exercige 336%

Approximate Difference

Difference: Standard Divided by
Number % Group vs. Error of its Standsrd Statement About
in Group Correct aAll 17s pifference Error the Difference

All 17s 2133 6.2%

Region
Northeast 582 7.4% 1.2% 1.25% .96 -
Southeast 463 8.2 2.0 1.23 1.63 may be higher
Central 512 4.0 =-2.2 0.87 -2.53 perhaps 2% lower
West 576 6.6 0.4 1.24 .32 -

s0C
Big City 482 6.0% =-0.2% 1.30% -.15 -

Fringe 501 6.1 -0.1 1.02 =.10 -
Medium City 577 6.2 0.0 1.31 .00 -
Smaller Places 573 6.3 0.1 1.14 .09 -

roc? 7
Inner City 132 1.4% =5,3% 1.11% =4.77 roughly 5% lower
Suburb 207 7.8 1.1 1.95 .56 -

Rural 152 5.1 -=1.6 2.53 -.63 —-=
Remainder 1549 6.9 0.2 0.36 .56 -

Sex . .
Male ags 8.8% 2.6% 0.63% 4.13 roughly 3% higher
Female 1146 4.1 =2.1 0.53 -3.96 roughly 2% lower

Ceolor
Black 243 5.2% =1.0% 1.65% -.61 —_—
Non-Black 1887 6.3 0.1 0.18 .56 =

Parents' Education 7
B8th or below 167 2.9% -3.4% 1.03% -3.30 roughly 3% lower
Some High School 301 5.3 ~0.9 1.32 —.65 -

H5 Graduate 677 6.2 0.0 0,95 .00 - )
Fost High Schoel 949 7.6 1.4 0.71 1.97 may be higher
® All in-school 17s = &.7%.

(17:8=13) In the eguation below, which of the following elements are oxidizedz

sn& + 4HNO,—>»5 + Sn0O,

3 2, + 4NQZ + EHEO

{Tin and sul fur)

ERIC p-s . 211
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APPENDIX D

Results for Exercise 340%

Approximate Difference

Difference: Standard Divided by
Number % Group vs. Error of its Standard Statemant About
in Group Correct All 17s Difference Error the Difference

All 17s 2226 80.9%
Region

Northeast 603 80.6% -0.3% 3.26% -.09 -=
Southeast 470 77.1 -3.8 2.49 =1.53 may be lower
Central 533 81.9 1.0 1.89 .53 ==

West 620 83.0 2.1 2.60 .81 -
50C

Big City 510 80,1% -0.8% 2.48% -.32 -=

Fringe 531 82.3 1.4 2.867 .52 -

Medium City 588 83.7 2.8 1.63 1.72 may be higher
Smaller Places 597 76.8 ~1.1 2.18° ~-l.88 may be lower
roc®

Inner City 187 81.1% ~-1.2% 2,91% -.41 -=

Suburb 270 92.4 10.1 1L.68 6.01 about 10% higher
Rural 249 79.5 -2.8 3.85 -.73 -
Remainder 1420 30.8 =1.5 0.96 =1.56 may be lowar
Sex

Male 112E 80.7% =0.2% 1.39% -.14 -

Female 1100 81.0 0.1 1.42 .07 -
Color

Rlack 249 57.1% -23.8% 4.12% =5.78 about 24% lower
Non-Black 1975 a3.3 2.4 0.61 3.93 roughly 7% higher
Parents' Education

8th or below 163 67.8% =13.1% 6.84% =1.92 may be lower
Some High School 341 73.9 -7.0 2.88 -2.43 perhaps 7% lower
HE Graduate 753 8l.4 0.5 1.81 .28 -

Post High School Q50 86.6 5.7 1.46 3.90 roughly 6% higher
% All in-school 17s = 82.3%

(17:1=1) In each of five experiments, two cbjects were weighed four times each,.
Which experiment gives the strongest evidence that Qh%éct I weighs more than object
I1? (For correct and alternative responses see page 111.)

ERIC Citggg D6
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APPENDIX D

Results for Exercise 341%

Approximate Difference

Differance: Standard Divided by
Number % Group vs. Error of its Standard Statement About
in Group Correct All 17s Difference Fror the Difference

All 17=s 593 75.2%

Region

Northeast 159 a4 .,0% B8.8% 3.02% 2.91 Perhaps 9% higher
Southeast 124 64.7 -10.5 5.1c -2.086 perhaps 11% lower
Central 144 70.1 =5.1 3.20 =-1.59 may be lower
Weast 166 gl.0 5.8 3.01 1.93 may be higher
50C

Big city 148 70.5% -4.7% 3.30% -1.42 -

Fringe 139 82.3 7.1 3.05 2.33 perhaps 7% higher
Medium City 153 72.5 -2.7 3.59 =.75 -

Smaller Flaces 153 72.7 -2.5 4.15 -.60 -
Toc®

Inner City 60 73.9% =1.3% 5.78% -.22 -

Suburb 53 76.9 1.7 5.64 . .30 -

Rural 52 73.5 -1.7 8 .55 -.20 -
Remainder 405 75.3 0.1 1.01 .10 -

Sex

Male 299 B81l.1% 5.9% 2.12% 2.78 perhaps 6% higher
Female 294 G8.8 -6.4 2.36 -2.71 perhaps 6% lower
Color

Black 84 50.0% =25.2% . 5.8B0% -4.34 roughly 25% lower
Non-Black 509 77.9 2.7 0.65 4.15 roughly 3% higher
Parents' Education

8th or below 56 67.9% =7.3% §.24% =.89 -

Some High School 102 64.5 -10.7 5.30 -2,02 perhaps 11% lower
HS Graduate 173 77-3 2.1 3.12 .67 -

Post High School 250 79.3 4.1 2.18 l1.88 may be higher

2 All in-school 17s = 75.2%

(17:14-12al) This apparatus exercise is given on page 111. The package in which
this exercise appeared was individually administered, Individually administered
packages were given to a smaller sample of respondents than were group administered
packages; hence the smaller sample sizes shown on this page.
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APPENDIX D

Results for Exercise

34

O%

Approximate Difference

Difference: Standard Divided by
Number % Group vs. Error of its Standard Statement About
in Group Correct Aall 17s Cifference Error the Difference

All 17s 2214 92.4%
Region

Northeast 609 93.5% 1.1% 1.44% .76 -
Southeast 463 88.6 =3.8 1.56 =2_.44 perhaps 4% lower
Central 526 g92.4 0.0 1.07 .00 -

West 616 94.0 1.6 1.08 1.48 -

s0c¢C

Big City 521 90.7% -1.7% 1.84% .92 ——

Fringe 538 26.1 3.7 0.82 4.51 roughly 4% higher
Medium City 573 9z2.1 -0.3 1.16 -=.26 -

Smaller Places 582 89.3 -3.1 1.43 -2,17 perhaps 3% lower
roc®

Inner City 186 a0, 0% —-3.7% 2,38% -1.55 may ke lower
Suburb 184 27.4 3.7 1.40 2.64 perhaps 4% higher
Rural 231 87.2 -6.5 2.71 =2.40 perhaps €% lower
Remainder 1514 94.6 0.9 0.41 2.20 perhaps 1% higher
Sex

Male 1084 91.8% ~-0.,6% 0.78% -.77 -

Female 1130 92.9 0.5 0,70 .71 -
Color

Black 261 77.8% -14.6% 3.20% -4 .56 roughly 15% lower
Non=Black 1952 94.0 1.6 0.43 3.72 roughly 2% higher
Parenta' Education

81h or below 165 8l.8% =10 ,6% 4.54% -2,33 perhaps 11% lower
Some High School 350 90.3 =2.1 1.72 ~1.22 -

HS Graduate 719 91.4 -1.0 1.16 -.86 =

Post High School 247 96.9 4.5 0.72 6.25 about 4% higher
® A1l in-school 17s = 93.7%

(17: 3=5) S8kill in which of the following is most useful in scientific research?

(Mathematics) v

Q ]

RIC
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APPENDIX D

Results for Exercise 351+

Approximate Difference

Difference: Standard Divided by
Number % Group vs. Error of its Standard Statement About
in Group Correct All 17s - Difference Errer the Difference

All 17s 2166 29.,2%
Region

Northeast 570 37.0% 7.8% 2.69% 2.90 perhaps 8% higher
Southeast 479 26.5 ~2.7 2.51 =1l.08 -

Central 521 28.9 =0.3 2.15 =.14 -

West 596 24.6 ~4.6 1.92 ~2.,40 perhaps 5% lower
s50C

Big City 487 29.2% 0.0 2.73% .00 -

Fringe 527 28.0 =-1.2 2,00 =.60 -

Medium City 573 30.2 1.0 2,31 .43 ==

Smaller Places 579 29.3 0.1 2.54 .04 -

roc®

Inner City 213 24 ,1% =7.1% 3.97% =1.79 may be lower
Suburb . 230 39.7 8.5 4.47 1.90 may be higher
Rural 172 21.4 =9.8 2,66 =3.68 roughly 10% lower
Remainder - 1459 32.2 1.0 c.B9 1.12 -

Sex

Male 1041 30.7% 1.5% 1.48% 1.01 =

Female 1124 28.1 -1.1 1.25 -.88 -
Color

Black 263 23.7% -5.5% 2.67% =2,06 perhaps 6% lower
Non~Black 1201 30.0 0.8 0.34 2.35 perhaps 1% higher
Parents' Education

8th or below 159 26.2% ~3,.0% +4.94% -.61 ==

Some High School 332 15,2 -14.0 2.00 -7.00 about 14% lower
HS Graduate 743 28.5 -0.7 1.62 -.43 -

lost High School 881 37.2 8.0 1.30 6.15 about 8% higher

a All in-school 173 = 31.2%

(17:2-5) Boyle's law, Charles' law, and Graham's law dealing with the behavior
of gases can all be generalized in terms of which of the following? (Kinetiec-molecular
theory) .

El{llc . D-9 “‘g 15
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APPENDIX D

Results for Exercise 352%

Approximate Difference

Difference: Standard Divided by
Number % Group vs. Error of its &tandard Statement About
in Group Correct Aall 17s Difference Error the Difference

All 17s 2202 81.3%
Region

Northeast 588 83.8% 2.5% 1.44% 1.74 -
Southeast 469 ’ 74.9 ~6.4 2.18 =-2.94 perhaps 6% lower
Central 533 81.7 0.4 1.38 .29 -

West 612 83.0 1.7 1.47 1l.1e -

s0C

Big City 503 79.2% -2.1% 2.38% -

Fringe 527 83.7 2.4 1.61 -

Medium City 577 82.1 0.8 1.45 -
Smaller Places 595 79.3 -2.0 l.52 -
Toc®

Inner City 256 78.6% -4 .8% 4.,04% =1.19 -

Suburb 247 85.0 1.6 2.11 .76 -

Rural 217 83.9 0.5 2.91 .17 -
Remainder 1390 83.7 0.3 0.75 .40 -

Sex

Mzle 1073 B0 .5% ~0.8% 1.16% -.69 -

Female 1128 B1.8 C.5 1.03 4g -

Color

Black 277 73.7% ~7 . 6% 4.03% =1.89 may be lower
Non-Black 1923 82.1 0.8 0.50 1.60 may be higher
Parents' Education .

8th or below 16l 67.6% ~13.7 5.17% -2.65 perhsps 14% lower
Some High School 373 71.8 -9.5 3.00 =3.17 roughly 10% lower
HS Graduate 702 22,5 1.2 1.21 .99 -

Post High School 925 87.1 5.8 1.05 5.52 about 6% higher
2 All in-school 17s = 83.4%

{17: 1l1l=4) Most scientists (want to know more about the world).
Q . A

ERIC
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APPENDIX E

ECS and NAEP Committees and Staff




EDUCATION COMMISSION OF THE STATES

Governor Tom B. McCall (Oregon), Chairman 1969-70
Andrew Holt, Vice Chairman
John E. Gray., Treasurer

Wendell H. Pierce, Executive Director

ECS Executive Committee

Governor Tom B. McCall, Oregon

Andrew D. Holt, Tennessee

John E. Gray., Texas

Governor Harold LeVander, Minnesota
Governor Robert E. McNair, South Carolina
Rep. ©U. Robert Graham, Florida

Sen. Mary L. Nock, Maryland

State Sen. Bryce Baggett, Oklahoma

Rev. Albert A. Schneider, New Mexico




NATIONAL ASSESSMENT FOLICY COMMITTEE

James A. Hazlett, Chairman and National Assessment Admin-
istrative Director

George B. Brain, Chairman, National Assessment Advisory
Committee o

Mrs. Julia Rivera de Vincenti, Secretary of Labor,
Puerto Rico

Leroy F. Greene, Assemblyman, California, Education
Commissiorn of the States

William Kahl, State Superintendent of Public Instruction,
Madison, Wisconsin

John W. Letson, Chairman, Operations Advisory Committee
Theodore D. McNeal, State Senator, Missouri

John W. Tukey, Chairman, Analysis Advisory Committee
Ralph W. Tyler, ECAPE Chairman, 1964-68

Stephen J. Wright, Consultant to the President, College
Entrance Examination Board



NAEP ADVISORY COMMITTEE

Melvin Barnes, Scholastic Magazines, Inc.

George B. Brain, Dean, College of Education, Washington State
University

John H. Conolly, Illinois State Representative

John J. Corson, Arlington, Virginia

Martin Essex, Superintendent of Public Instruction, Columbus,
Ohio

Robert L. Foose, Rider College, New Jersey

William H. Forsberg, Elementary Principal, New Hope, Minnesota

James G. Harlow, President, West Virginia University

Mrs. Clarice U. Heckert, State Representative and Chairman
of House EBducation Committee, Delaware

Mrs. Elizabeth Hendryson, Past President, National Congress
of Parents and Teachers

Paul F. Johnston, State Superintendent of Public Instruction,
Des Moines, Iowa

The Reverend C, Albert Koob, Executive Secretary, The
National Catholic Educational Association, Washington, D.C.

Roy E. Larsen, Time, Ince.
John W. Letson, Superintendent of Schools, Atlanta, Georgia

Mrs. Ruth H. Mancuso, Past President, State Board of Education,
Glassboro, New Jersey

Miss Katharine E. McBride, President, Bryn Mawr College, Bryn
Mawr, Pennsylvania

Governor Robert E. McNair, Columbia, South Carolina

L.locyd N. Morrisett, President, ‘The John and Mary R. Markle
Foundation, New York

David Selden, President, American Federation of Teachers

Mr. Wayne E. Shaffer, Past President, National School Boards
Assoclation

Mrs. Mabel M. Smythe, Consultant, Encyclopedia Brittanica
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NAEP ADVISORY COMMITTEE
(continued)
James E. Stratten, Cal.fornia Youth Authority, San Francisco,
California

Ralph W. Tyler, Director Emeritus, Center for Advanced Stﬁdy
in the Behavioral ‘Sciences, Stanford, California

John E. Visser, President, Kansas State Teachers College

Donald wWilson, President-Elect, Association of Classroom
Teachers
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EXERCISE DEVELOPMENT ADVISORY GROUP

Thomas Fitzgibbon, Harcourt, Brace, and wWorld
Jean Grambs, University of Maryland

Jack Merwin, University of Minnesota

Stuart Nagel, University of Illinois

Kenneth Rehage, University of Chicago

Joseph Rosen, Chicago Public Schocls

Willard Warrington, Michigan State University

MEDIA ADVISORY GROUP

Robert Hochstein, U.S. Office of Education

Roy Larsen,* Time, Inc.

Robert A. Mott, National Educational Radio

Dorothy Neubauer, Department of Elementary School Principals
Arthur Tourtellot, CBS Inc.

Roy Wilson, National School Public Relations Association

1

*# Also holds membership on another advisory committee,

R,
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OPERATIONS ADVISORY COMMITTEE

George B. Brain*

Norman Drachler, Superintendent, Detroit Public Schools,
Michigan f

Nolan Estes, Superinténdent,Dallas Independent School District

John Flanagan, President, American Institutes for Regearch

Morris Hansen, Senior Staff Advisor, Westat Research, Irc.

John Johnstone, University of Illinois

John W. Letson*

Catharine Murphy, Classroom Teacher, Scottsdale, Arizona

Ralph Tyler*

Stephen Withey, University of Michigan

* Also holds membership on one or more other NAEP committees.

NATIONAL ASSESSMENT STAFF

Frank B. Womer, Staff Director

Carmen J. Finley, Associate Staff Director, Director of
Exercise Development

Dale C. Burklund, Director of Field Operations

George Johnson, Associate Director of Field Operations

Irvin J. Lehmann, Director of Research and Analysis

John Milholland, Associate Director of Research and Analysis

Eleanor L. Norris, Director of Information Services

Peggy A. Bagby, Assistant to the Director, Science
Exercise Development

Marjorie R. Barnes, Science Consultant

Burton E. Voss, Science Consultant




RESEARCH TRIANGLE INSTITUTE STAFF

A. L. Finkner, Director, Statistics Research Division

Daniel G. Horvitz, Deputy Director, Statistics Research
Division

James R. Chromy, Head, Sampling Section

Gertrude Cox, Senior Statistician

—

George Dunteman, NAEP Project Director
William Eckerman, former NAEP Project Director
William Grogan, Field Director for NAEP

Donald Jackson, Field Coordinator

MEASUREMENT RESEARCH CENTER STAFF

Burdette Hansen, Director, Measurement Reseéfch Center

John O0'Neill, Project Consultant

Calvin Stevenson, Field Coordinator for NAEP
Ronald D. Platt, Director of Statistical Services
Barbara Dixon, Test Services Representative

A. Louise Diana, Survey Specialist for NAEP Operations




EDUCATIONAL TESTING SERVICE STAFF

Scarvia B. Anderson, Executive Director for Special
Development, and Director, Division of Educational
Studies

Arleen S. Barron, Assistant to the Director, Division
of Educational Studies

Frank J. Fornoff, Senior Examiner and Chairman, Science
Department, Test Development Division

Raymond E. Thompson, Examiner, Science Department,
Test Development Division

William Kastrinos, Senior Examiner, Science Department,
Test Development Division .-



APPENDIX F
NUMBER CF RESPONSES FOR YREAR 01, BY PACKAGE AND AGEa

Package Age
Numper == 9 13 = 17 _ Adult
1 2455 2435 2226" 895
2 2389 2421 2166 875
3 2465 2416 2214 860
4 2456 2415 2171 877
5 2463 2407 2200 892 ,
6 . 2419 2410 2104” 885 "
7 .- " 2424 2396 2168° 920
8 2406 2441 2133 893
9 1438 2383 2114 903
10 1863 1412 2173 634
11 1852 1883 2202 .
12 . 1855 1315 .
13 _ 1844 1797 -
14 . _ 1771 o
Total 24631 28719 28844 8634

At the request of state and local authorities, soie
exercises were not given in certain parts of the country,
and the number of respondents was reduced as indicated

below. Number of

Age Package Exercise Respondents

9 11 21 1837

13 11 i8 1667

13 12 12 1637

13 13 4 1595

13 13 13 1821

17 14 10 1930

17 11 9 1966

_ 17 13 9 1595

Since the Science and Citizenship reports were written,
exact figures for respondents became available and are shown
above. For each ages the total number of exercises was
divided into packages so that each particdipant would spend
only about 50 minutes completing his set of exercises. As the
above table shows, there were different nunmbers of packages
for the different ages since the total number of exercises

and the time needed to complete them varied from age to age.

a

Some participants—--the out—-of-school 17s--were asked to take

* four packages, and they were paid £10 for their time. Because
some people responded to more than one package, the number of
responses. to some packages is greater than the number of

- respondents. _
The age/package/exercise number code is found in the upper
left corner of each exercise page in this report. For .
example, a rcode of 9:11-21 indicates age 9, package 11,
and exercise 21. '
»

There were no Citizenship exercises in this package.
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