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ABSTRACT-
The sc1ence achlevement of Amerlcan students ages. 9,

13, . and 17 was measured during the 1976-77 school year. Overall, 543
different questions vere asked in the cognitive assessment of science
at the three age levels. The questions were developed according to a
two-dlmen51onal matrix. One dimension, the classificaticn of the
cognitive abllltles required to answer specific science'questions,
was divided into four categories: (1) knowledge; (2) comprehensiony
(3) application; and‘ (4) aralysis, syntheszs, and evaluation. The

‘other dimension divided the domain of science into three major areas:
content, process, and science and society. The questiOns illustrate
various topics of the biological sgiences, earth sciences, physical
sciences,. and integrated toplcs such as equilibrium, evolution, and

- probability. This document gives examples of several types of
questions, and gives a summary of student performance categorized
according to age, sex, ethnic background, regiomn, size and type of
commuinity, and level of parental education. (BB) .
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) FOREWORD

When the U.S._ Office of Education was
chartered in 1867, one charge to its commis-
sioners was'to determine the nation’s progress
in. education. The National Assessment of
Educational Progress (NAEP) was initiated a
century later to address, in a systematic way,
that charge. .

Each year since 1969, National Assessment
has gathered information about levels of
educational achievement across the country
and reported its findings to the nation. NAEP
- surveys the educational attainments of 9-
year-olds, 13-year-olds, 17-year-olds -and
young adults (ages 26—35) in 10 learning
areas: art, career and occupational develop-
-ment, citizenship, literature, mathematics,
music, reading, gcience‘, social studies “and
writing. Different learning areas are assessed
every year, and all areas are periodically
reassessed in order to measure change in
educational achievement. National Assess-
ment has tested more than 720,000 young
Americans since 1969.

Learning area assessments evolve from a
consensus process. Each assessment is the
product of several years of work by a great
many educators, scholars and lay persons
from all over the nation. Initially, these
. people design objectives for each subject area,

Ry

o

5

proposing general goals they feel Americans
should be achieving in the course of their
education. After careful reviews, these ohjec-
tives- are given to exercise (item) writers,
whose task it is to create measurement tools.
appropriate to the objectives.

* When the evercises have passed extensive
reviews by subject-magter specialists, measure-
ment experts and lay persons, they are ad-
ministered to probability. sampies. The people
who compose these samples are chosen in
such a'way that the results of. their assessment,
can be generalized to .an. entire national
population. That is, on the basis of the actual
yperformance of about 2,500 9-year-olds on a

‘given exercise, we can generalize about the
-probable performance of all 9-year-olds in the

nation.

. After assessment data have been collected,
scored and analyzed, National Assessment
publishes reports to disseminate the results as
widely as p&8sible. Not all exercises are
released for publjcation. Because NAEP will

. readminister some of the same exercises in the

future to determine’whether the performance
level of Amencans has increased, remained
stable or decreased, it is essential that they
not be released in order to preserve the
integrity of the study.

~
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CHAPTER 1 : ' ]

; WHAT THE SCIENCE ASSESSMENT MEASURE’:&

Introduction
The science achievern..::* of American stu-
dents ages 9, 13 and 17 has been measured
three times by the National Assessment of
Educational Progress (NAEP). The first
science assessment took place during 1969
and 1970, the second assessment during the
1972—73 school year and the most recent one
during the 1976—77 school year. As in
previous assessments, tbis most recent assess-
ment involved the contributions of a number
of scholars in the field,.education experts and
lay persons. As a result of National Assess-
ment’s experience in the development of
science achievement measures over the past
10 years, and the suggestions made in the

most recent developnrent cycle, the 1976—77

science assessment is an extremely compre-
hensive measure of the scientific literacy of
young Americdns.. Overall, 543 different ques-
tions were ‘asked in the cognitive assessment
of science at three age levels. Approximately

72,000 students participated in the science

assessment, and about 2,500 answered a given
questxon

For purpoges of the assessment, the domain
of science was treated in terms of two broad
dimensions. One dimensioi, the classification
of the cognitive abilities required to answer
specific science questions, is based on a
condensed and simplified version ¢of Taxono-

my of Educational ©bjectives, Cognitive D>-_

main:' The cognitive taxonomy dimension is

- -

lTa.::orzomy of Educational Objectives. The Clas-
sification: of Educational Gogls. Handbook 1. The
Cognitive Domain, ed. Benjamin Bloom (New York:
David McKay and Co., Inc., 1956),

-

divided into four categories: the first three
levels developed in the Taxanomy of Educa-
tional Objeetives — knowledge, comprchen-
sion and application — and a fourth level that
combines the analysis, svnthesis and-evalua-
tion levels. | . .

The other dimension divides the domain of
science into three major areas: (1) content,
the body of knowledge of science; (2) the
process by which- that body of knowledge
comes about; and (3) science cnd society. the
implications of that body of knowledge for
mankind. These three- major areas are sub- °
divided mto specific components. The science
content’ area includes the traditional dis-
ciplines of blology, physicatscience and earth

‘science, as well as integrated topics, a newly
" developing area that stresses principles that

apply universally across the tradltlo@ disci-
plines. The processes of science include
methods of inquiry and scientific decision
making. Science and - society includes per-
sistent societal problems, science and self and
applied science.

This two-dlmenswnal matrix became the
basis for the development of questions for the
science assessment. Table 1 indicates the
number of science questions in the 1976—77
assessment that are classified in each category
of the matrix for each age group. As Table 1
illustradtes, each major area of science has been
measured on-the taxonomic levels, insuring a
broadly based assessment of scientific literacy
as experts.in the field define it.

Although each querction was assigned to
only one taxonomic level, items were often
categorized in two or more specific areas of
science because they overlap in what they
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"t T to- ' TABLE 1. Number of Cuestions Classified in Each Category
- e of the 1976—77 Sdence Assessment at Each Age Level:
- — « Age ) Taxoncmic Levels Totals -
Knowledge Comprehensioq o Application Analysis,
. ~ o - T Synthesis and
. - - - N Evaluation
Content - -
-Siology " 9 12 39 16 0 67
- 13 16 35 22 4 77
17 14 . . 29 23 4 70
Physical science . Co- L9 8 49 19 1 73
13 4 34 38 3 79
17. 9 - 21 42 2 74 .-
Earth science. 9 - o .1.9 -3 1) 31
- . 13 6 31 4 4 45
- 7 N3, 29 5. 4 KL
- Integrated topics ‘9 0 1 1 0’ 2
- - ‘ - 13, - O 6 7 0 13
] X = a7 0 8 8 1 17
Processes o .
________ ®rocess methods 9- .2 - 15 16 g8 - 41
) 13- 2 20 "23 12 57
. > 17 ?- 16 30 13 61
- Decisionamaking ‘9 0 1 G 0~ - =
2 : 13 0 : 9 1 11
- 17 0 . 14 2 17
Tt S¢ienceand society T - - T - . e
' Persistent sucietal problems 9 2 .5 5 0 12
’ 13 5 . 29 14 .1 49
. .17 5 31 - 18 2 . . .57
-~ - - ',\
Science and seff 9 3 10 1 0 14
‘ - 13 .10 T4 1. 23
. . 17 8 10 5. 2 ¢ 5.
. Applied science and technology 9 0 . 1 0 0 1
e 13 0o 11 1 2 14
) N .17 0 L 14- . 4 2 20
- ) ) 2 3
N N ' * . .
.o . 1 L
- - . S . «
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*measure. This classification system is il-

lustrated by the following item:
Estuaries sre sreus along coasthines in which salty ocean water mixes with
fresh river water. whuh one of the tollowing su:cmcn:s about ogean lite in
these areas s vosrect?

There is very little animai life. but much plant Life,

These are major breeding areas for many kinds of aceun life.

[l
-
~
&= Many tiny animals grow there, but the witer 1s not deep cnough for big

animals,

—= There 1s little occan hite there becrese it s too salty for tresh water fish
and not salty enough for ueean fish.

> !don* i know.

This item, .administered to both 13- and

17-year-olds, was classified as a compre-
hension question. H*ever, since it is directly
or indirectly related to earth sciences, biology
and persistent societal problems it gvas classi-

~ fied in each of these specific areas as well.

_ The Major Areas of the
: Science Assessment

Although all of the 543 questions adminis-
tered during the 1976—77 science assessment
cannot be detailed here, a variety of questions
from each of the areas is provided in this

section. A complete set'of the items that have
" been released to the public can be -found-in - -

another publication.? .

EXHIBIT 1. The Content Areas of the
Science Assessment

Biological Science

Systematics

Physical Science

Matter
Cell theory . Combinations
Energy transformations Waves ’
Heredity Electricity and"
Systems rmagnetism
Evolution . Mechanics
Ecology -
Behavior Integrated Topics
Growth and development '
‘Germ theo: 7 and disease’ Models
- Equilibrium
Earth Science Change
' Evolution
* Meteorology Growth -
Geoiogy . Time/space
. Oceanography ,Systems
" Astronomy Cycles
Probability

Biological sciences. Biological science, the
study of iiving organisms, is divided into 10
topics: systematics, cell theory, energy trans-
formations, heredity, systems, evolution,
ecology, behavior, growth and development,
and germ theory and disease. A sampling of

.-the biology_questions follows:

Sampleltem I : V -

Application

v -

The content areas of the science assessment
represent those -facts, concepts, principles,
conceptual schemes, inquiry skills and other
aspects of science that are necessary. for an
understanding of the natural world. The area
is divided into fcur compo
science, physical science, h science' and
integrated” topics. These components are
further divided mto various topics. (See Ex-
hibit 1.)

-~

2 The Third Assessment of Science. 1976—77, Re-
teased Exercise Set (Denver Colo.: National Assess-
ment of Educational Progress, May 19 787

Q
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Aruitoxt provided by Eic:

ents: blologlcal )

Taxonomic Level:

_::'Topic: _ ‘Ecology
Adminis&:'ation Aige; .9 i
Percentag;z -of Correct oo )

Responses: - 49%

If you put too much fish food in an aquarium. the fish may die because
r_l\
<D the fish would cat o0 much
¢ the fish would kill cach other fighting for the feod.
@ the uneaten food would decay and use up the oxygen in the watcr:_
<>

o i don’t know. -

i
AN



Sample Item 2

Taxonomic Level:

Topic:

Administration Ages:

Percentages of Correct
Responses:

_ Analysis, Synthesis
and Evaluation

Heredity
13 and 17"

Age 13— 33%
Age 17 — 69%

Here is a diagram showing the genes for fur color in guines pigs.

Sample Item 3
Taxonomic Level:
Tdiaic:
Administration Ages:

Percertages of Correct
Responses:

.No human being has ever seen a dinosaur, What ss-the best evidence that

dinosaurs one s lived?

Comprehension
Evolution
9and 13 -

Age - 9 53%
Age 13 — 80%

-~
> Pictures an museums
mm Fosuls
Mule ‘ Female > Pictures un the waulls of caves -
Parents: ’ . ' EE ce . ¢ Present aninuls that have zvolved from then
. ’ Brown White ’ o —
fur fur .
l ) > ! don'tknow. )
« .
- " Female Female . Male * Male ~ - .
Offspnng: " e | Ee Ee Ee Sample Item: 4
Brown Brown Br_own Brown ) . 2 oo
fur fur fur tur Taxonémic Levei: Knowledge
- =~ - - ¢ Topic: Cell Theory
N __ According to xhc_‘diagr:;n. what kind of za11 1> broewn.fur in guinea pigs’.’_‘... [N ----‘-_- - .- ISR -
Administration Ages: 13 and 17 -
& Recesive Percentages of Correct ) "
«a» Doininant ReSpOﬂSQS: Age 13— 39%‘
.- - — cr
©> Blended inkertance . Age _17 53%
@ Secx-hnked - -~ When a cell of a plant stem divides, €ach new cell kas
< lden't know, o o - i T T s e s T e e e e e
. <> half the number of chromosomes as the parent cell.
. twice the number of chromosomes as the parent cell.
e e e ’ @ the same number of chromosomes as the parent cell.
v
N .
B} .
- ¢ Idon't know. ‘
o - -
»
) hd
- ‘b

ERIC o .~

Aruitoxt provided by Eic:
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Physical sciences. Physical
divided into five topics: matter, combina-
tions, mechanics, waves, electricity and mag-
netism. A sampling of the phys cal science
questions follows:.

-

v N

‘Sample Item 5.

Taxonomic Level: "Comprehension
Topic: - Waves
Administration Age: 9 : .
Percentages of Correct
Responses: Part A —75%
. Part B— ‘79%
Part D — 61%

T ouspend o fet of time istening 1o vers Loaud sounds, could cach ot these

things happen to sweu™ Fil g one ovaln eadi boy,

Yer  No 1 don’t know,

science is

.;", .

Sample Item 7 i . . °
Taxonomic Level: Comprehension
Topic: _ : Matter
Administration Age: 13
Percentages of Correct . .

Responses: 70%

[

No more water wiil gounto the can. Why? 4
.

. .
Air takes up space and must get out to let the water in.

The water doesn't want-to go in. - R
g .

Earth sciences. Earth science is divided into

-four-tonics: meteorology, -geology,.-.ocean-.__ .

ography and astronomy.- A sampling of the
items used to assess earth sciences follows:

o .
A You maght not he able 10 he - o . .-
ax el s e - = ' &> Air pushes harder than the water.
‘ U SR o> Air is heavier than the water.
- T ¥es  Neo { don't know.
3 tnunde parts of vont ¢ase - D b -
miehi be Jamaced o R
e e [ 28
" Yes No " 1den’r knuw.
- Irmaght attect the was sou teel. - JD L) i
. S | — ldon't know.
Yes  Nu I don’t know, i
0. Your trealth might improse. <L - (=] .
4 ) L4
) OO X .
Sample Item 6
.. Taxonomic _Level: __Application
Topic: Electricity and -
- . Magnetism -
———Adminisiration-Ages: 13.and 17
Percentages of Correct Sample item 8
- Responses: Age 13— 44%

E

S
i
one-half volts, What voltage tight buib should you buy as a replacement?

08000

0

Age 17— 60%

Thg bulb your two-batgery {Tushbhight burned out. Each battery 1s one and

Thees-foutths volr

One and onehalf volis

Twa volts’

Three volis ~

Sy volts

[ don’t know,

&) : o : .

- ' T
-
T .

Analysis, Synthesis
and Evaluation

-

Taxonomic Level:

Topie: . - Meteorology

Administration Ages: 13 and 17.
Percentages of Correcb

Responses: - Age13: Part A —51%

- S . Part B — 62%
S , Age 17: Part A —59%

Part B — 82%
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Look at the intormation i the diagram below and answer the questions on

A star is most like
N this and the following page. . 5

WEATHER DATA FOR SUN CITY

Day
. . Time
Cloudiness :Q
i "80" '
Temp:;ulurc; 60°
* 40°
Atmospheric 51049
Pressure 1020
mifli bars ‘1000:

"I Mon i Tues! Wad [Thurs' Fr}

Noon : Noon Noon MNoon Moon' Noon! Noon

" Sot | Sun

e e e e et e

e

e e e s s e s g e o

A, Which ane of the

Sunday”

= The pressure
<> The pressure

& The pressure

7 &3 The pressure

following conditions might have predicted rain on

wasdropping, and the temperature was risng.

“
was ning. and the tempetature was dropping.
was dropping, snd the temperature was dropping.

wac risiog, and the temperature was nung,

O | dun’t know.

B.

“pressure tor thosedays.

Lok at the diagram tor the days M-‘md:y through Thuriday. Chouse

. the hest desenption of the relationshap between temperzature and
" ARy

As the temperature rase, the pressure remained the same.

As “he pressure rose, the temperature rématned the same.

=

[ ]

<5 As the pressure rose, the temperature dropped.
a» Asthe temperature rose, the prcstu}c dropped.
[=—4

Tdon't know, R
“Sgmple Ttem 97T T e
Taxonomic Level: Coniprehension

: Topic:

Astronomy

4

> acomet. " a planet.

DO a meteor. @ @ the sun.
"> the moon. .

) = ‘l dor’t know.,

Sample Item 10

Taxonsmic Level: Com.prehension

Topic: N G_eology )
Administration Age: .17

Percentage of Correct .

Responses: 50%

Which statement best describes how the earth’s surface changes over

billions of ;'curs?
, N :

= A flat surface is geadually pushed wup into steeper and steeper -
mountains unlil the world is covered with mountains. .

O Very steep mountains graduaily wear down until most of the v.orld ix
wern down to sea level. - .

a» Very -u-ep mouniins gradually wear down into flat surfaces that may
be zgain pushed up into mountains, and %o on over and over again.

€D \Very steep mountains and flat plains stay zide by side for billions of
years with little change. .

— ldon't know. M

Integrated--topics. Integrated _topics were
designed to include that knowledge that is
common to all science disciplines. The area is
important because of its general application

Administration Ages:

Responses: -

ERIC-

Aruitoxt provided by Eic:

Percentages of Correct

9, 123 and 17

Age 9 —33%
© Agel13—45%
Age 17 —50% -

o))

of fundamental “vﬁeepi&s%ssessmeni' in inte-
grated topics includes the following: models,
equilibrium, change, evolution, growth, time/
space, systems, cycles and probability. L




. S [
Sample “2:"_""'}"-1- B Astronomers sometimes talk sbout the evolution of a star. When they do
B -" - N . this. the astronomers are probably talking about the star’s .
“Taxonomic Level: Comprehension
N . : <> brightaess. -
Topic: Systems , )
. o 2 motion in the skies. .
. . NES . A
Administration Age: -~ - > positivn in the galu_xy.
-5 & graduai change.
. 'Percentages of Correct e — turning speed.
Responses: Part A— 71% -
Part B - 57%
Part C — 83% > 1don’t know. -
. Part D-— 80%
Part E — 59%
- Part F — 72%
Part G.— 81% Sample Jtem 13 -
R Taxonomic Level: "Comprehension
Can each of the items below be tl';ouxh: of as a system? | Top‘ic: . TimelSpace
e e o e e et ot oo e \
1 . . .
| - B
A Stree Yoo Noo Tdonknow | Administration Ages: 13and 17 -
oo %o - Ltk ' Percentages of Correct
o S0 dan't knbw, .
B. Toaster . - o i Responses: Age 13 — 58%
e e i — S Age 17— T71%
. Yex  Nao -1 dnn"l k::;nw, .
- . Automobile - o ) ’ - k. - -
: - Life spanjgrosion. tides, scasons, city growth. automobile production.
Yes o I don"t know electrical use, plant gro\;llh. and epidemics can all be measur :d in terms of
D Farm ____.____-c_, =) T,
- T . T ‘e weight, .. " ~
E. Bouse ¢ length. .
> - tme, =
s F  Person ~ ° . o mass. .
LT . - _ L Yo force. - e T
- N k]
: Yes No 1 don"t know.
6. Foothall team o - = P . .
’ T &> Idon’t know.
. : R - -
- Id
Sample Item 12
_____ Taxonomic Level:. Comprehension .
Topic: Evolution : o
Administration Ages: 13 and 17 *~ . -
Percentages of Correct ] = =
o Responses: . Age13—31% .
" .Age 17— 51% .- - -
- Q -
.
1Y -~ -
o ) - . ;
ERIC | \_ T
- ~J N — -



-measuring.--these .—eight. .topics. _reflect the

‘associated

_Classification

The 'Prgcess Area

The process area of the science assessment

.is. divided into the processes of inquiry and

scientific decision making.  These two com-
ponents consist of the generalizable methods,

-activities, inquiry ckills, conceptual schemes

and empirical emphases associated with the
scientific endeavor. Because the new science
curricula developed in the last two decades
have stressed methods of thinking and acting,
the measurement of these skills is necessary to
reflect’ science achievement in the broadest
sense. ‘Exhibit 2 provides the various topics
with each of the process com-
ponents. ' '

«

EXHIBIT 2. The Process Area of the
Science Assessment

Processes of Inquiry - Scientific. Decision Making
Probiem definition
Criteria development
ldentification of constraints
Mode! generation .
Developing solutions

Models
Assumptions
Communications
Measurements ¢

Observing
Experimenting
Interpretation of data

“Processes of inquiry. Scientific inquiry in-

cludes eight topics: models, assumptions and -

values of science, communications, measure-
ments. classification. observation, ekpenment-
ing and . interpretation of data. The items

methods that are used to develop the content

of science. Some examples of the questions

" used in the assessment follow:

Taxonomic Level:

Barbary weighs a frog four different times and gets these weights: 14,1

grams. 14.3 grams, 15.0 grams, and 15.3 grams. The average s 14.7 grams.

The weight of the frog is probably closR) to
] l-l.i grams,
c:::' "_1.4.4 gr:msv.
e 1.7 grams.
[l !S 0 grams. N
— "3s.3 grams.

s

b I don’t know.

Sar;xplé Item 15

Analysis, Synthesis

and Evaluation
Y

Topic: Classification
Administration Age: 9
Percentage of Correct ) -
Responses: 26%
® @] e
SUTTON - NEEDLE
FUR PIECE ‘27 )
BROKEN GLASS~

A kindergarten teacher arsanged six objecrs i difterent was s us shown
in the pictures above, Why did hie arrange the objects this way ™

He did not want the children in his kindesgarten class to hunt
themselves.

He wanted to reach the chuldren in s kindesparten class the
difference between metal and noninetal objects.

..He wanted to find out whether lhuc were more mn .)bmus or
hard uh]c\.ls e

I don™t know.

E

Sample Item l-l."

Taxonomic Level:. Application

. o
Topic:* Measurements
Administration Ages: 13 and 17

Percentages of Correct
Responses!

b
!

M

RIC

Aruitoxt provided by Eic:

Sample Item 16

Comprehension

. Taxonomic Level:
- Tobic: Obser;ving -
Administration Age: 17 «
Percen;.age of Correct . : -
Responses: “87%
15 ,



Some grijie leaves were accidentally spraved with paint. Those leaves did
niet get maldy, Other unspraved grape leaves did got moldy. This discovery

ledd tooa way to protect fruit trees and s ines from many diseases caused by’

mald.

This shows thut

.

w .
& ynexpected results are sometimes useful,

T3 ~erence and technology work together.

CO semiertific laws are the result of careful experimentation,

CS mieasirément s important tn science.

Screntific decision making. The decision-

- making component of the science assessment
contains five main topics: problem definition,

- criteria development, identification of con-
straints, model generation and developing

solutions. While decision-making skills are not-

unique to science issues, there has been an

increasing demand for citizens to be able to

- apply these skills to concerns of a scientific
nature. The ability to make informed de-

cisions using scientific information is increas-

ingly a goal of science education .

Sample Item 18
4
Taxonomic Level:

Topic:

> [den’t knew. o
Sample Item 17
Taxonomic Level: - Compréhension - -
-Topic: a Interpretation of Data

Administration Ages:

13and 17

Percentages of Correct

Responses: . .

Age 13: Part A—78%
: Part B—61%

.. PartC—94%
B “Part D — 53%

% . PartE—71%.
Part F —75%

Age 17; Part A — 84%

Part B—72%
Part C —98% -

- Part D — 64%

Part E—78%

Part ¥ —90%

Administration Age:

Percentages of Correct
Responses:

Application

Identification of
Constraints

17

Part A — 80%

Part B —77%
Part C —84%
Part D — 68%
Part E —61%

The city council must decide whether to use & piece of land to build ;fxclnr)'

or a park. There is a conflict between those who faver economic growth and

those cancerned with environmental quality. Is each of the following &

statement of u goal or desired outcome of the solution chosen, or & statement -

of a barrier or osbatacie to thexolution of the problem?

werght were measared

i

. Useful Not usetul
F. . Ses of student - @ o
v -

L.

1 don’t know.

E

O

RIC

-y
RO A 170 Provided by eric

“Q)
D

. }
Dan and Rese want to tind out whether the fifteen-vear-old hoys in their - . . . '
: - Goal Barrier . 1 don’t know. :
whooel are zatler. on the average. than the fifteen-year-old girts, The school A. Bath purpoxes cannot be = . - = !
i - achieved on the sume land '
nurse has the tollowing information about cach student. Which intormaton at the <ame Limes. .
N 1
would be uselul 1ar answenng their guestion and which information would - T.
. ~ 3
' nat he asetul”® Goal RBarrier Idon't know.
‘R. Thereas nanther land o) - - - .
available that is as gopd 7 )
- . . for cither purpose.” .
~ Usetut Not uscrul I don*t hnow, |
AL Lastname, st T - - fme ] N o
metal . - . *
e - . . . Goui Rarrier 1 dam't kKnow, -
47 €. .The decisson should be o qmpe o SO e S
| ucteptuble 10 4 myjoriry ) ;
. Usetu! Not useful 1 don’t know. | . of the citizens, -~ '
B.  Yearand Jate of - oD (= : ' . —
Meth . | I e e ————
-~ " - . - . i
’ Y : . Goa! Rarrier Edon't Keaw. I
: . . D. The decesion should nat - o P
TheTut NOT USeTT: e greazly increase air — N
v « Hephe pr . o) ; pelivtion ar unempioy ment. .
i i ;
4 o
: - |
B . - ]
i Usetul Not useful 1 don't hnuw, "B, The local newspaper is Goal Bareser Tdon't k"m". !
!  wen - s . ! ~ * o - <> i
: o4 "!‘h.‘ = ; pushing strongly for using : <
' the area {or a bark and —~ ‘
' will fight any compromiac. :
. Useful Nat useful | 1 don’t know. - !
E. Daic heightand - (o] =
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Sample Item 19

Taxonomic Level: Apphcauon

Topic: . Model Generatxon

Administration Ages: 13 and 17

Percertages of Correct

Responses: Age 13 — 538%

Age 17— 171%
’ Mauny people are .afected by 4 tropical disease which is cartied by 4 certain

type of insect. Whae ‘h'ould biologists attacking the problem do first?

.
Destroy,all those insects
Predict what may happen 1t all those insects were destroyed

Not worry. because there are no tropical diseases in this country

G000

Leave all the insects alone

>, | don’t know.

- Science and Society Area

'The area of science and soc1ety is divided
into three components persistent societal
problems, science and self, and applied
science/technology. These components reflect

“the general goal of science education that
students should understand the implications
v#of science for their own lives and the lives of
other people. Exhibit 3 lists the various topics

P

corsidered m each of the science and society
components.

Persistent societal problems. This com-
ponent  assesses students’ understanding of
'some current’ problems related to our
society’s technological development. Four
topics are considered: health and safety,
environment, growth and resource mandge-
ment. .

Sample Item 20

Taxonomic Level: Application

Topics: Growth and Resource
Management '
Administration Ages: 13 and 17

Percentagec or Correct -

Responses: Age 13 — 34%
Age 17T —47%
- Some people think that the solution to coal. gas »=d o1l shi)n:ges 13 10 switch

over to electricity. In other words, if we run out of gas and oil we can just

switeh over to elzetric cars. What is wrongawith thisidea? .. .ovc o o e e

Most electricity is produced from <oal. gas and oil.
If we switch ovex to slectricity many people will lose their jobs.

It has been proven lhu it 13 impossible to build electric cars in great
quantities.

-

Eleetricity is far too expensive.

60 008

There is nothing wrong with this idea. - .

1 don't know.

[
e EXHIBIT3. The Sclence and Soclety Area of the
‘Science Assessment . T T oTTmoomeemeres .
. . N . ) ) . ; o - P
Persistent Science and.Self Applied Science/Technology
SocietalProblems N :
i . Health an&v Everyday use of scienée Applications in biological .
~ Environment _ \ Personai health, nutrition science . ’
Growth - ' and safety < Appllcat:ons in physucal
Resource management \ science
- Applications in earth science
. 3 Changes in science/technology ,
. : ) ;/,/___:_:; :
e
</

ERICT .

Aruitoxt provided by Eic:
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Sample Item 21

?‘a:.cc;no.mic Level: Knowledge

Topic:" Environment
Administration >Ag>es:" 13 and 17

Per.cent.ages of-Correct . .

Age 13 — 20%
Age 17 — 37%

Responses:

[y

What s the major cause of atr pollutson in most large Amernigan ¢t|4c;§{~

Fadtoties

s
<> Open trash burmers .
o Fog -
[T GFELN
o L den” know, ?
+

Samplec Item 22 )
Taxonomic Level: Comprehension
Topic: Health and Safety

e - - A -
Administration Age: . 9 - .

Percentage of Correct

Responses: 53%

Today, almost no ore gets pého because

doctors have found new drugs which cure polio when it happens.
bad water, which used 10 cause pulio, has been clganed up.
people ear betler food and get more-exercise. so they are healthie
people are given a vaccine which keeps them from getting polio.

0.

1don’t know,

ééfence and self. This »combonent assesses
the everyday use of science by the individual,

Sample Iz2m 23

- B R
Taxonomic Level: Knowledge
Topic: Nutrition
Administration Ages: 13and 17

Percentages of Correct

Responses: Age 13: Part A — 72%
' - Part B—90%
Part C — 80%
Part D — 38%
Part E — 40%
Part F — 56%
Part G — 90% -
Part H — 26%
) Part I —52%
- ‘ Age 17: Part-A — 72%
: Part B — 94%
- ©  PartC—86%

Part E — 59%

Part F — 76%
Part G — 88%
Part H—51%
Part 1 —54%
- . . .
Is each of the following fouds nch n proten? o
T - Yes No P don't know,
. A. Sugat = = Lo}
)
- =
! Yes No | don't know.
E B. Beef - o <
i ) -
i . Yes No I don't know,
H C. Cheese - o (o)
!
!
: Yes No ITdon’t know.
! D.  Potatoes oo e =]
| .
I - Yex No 1 don’t Asow,
i . E. Lertcce ° o e —
{ P . .
. Yes T No 1 dun’t knaow,
F.  Peanut vutter - o (==t}
oL Yes No I don’t know, :
G. 3 Milk - — i

——

Part D — 57%._

o
-

-

o~

P ) - .
. Yes  No I don’t know 7 - . -
- H. Fruit (== i (=]

P

- . " o ~
and personally relevant topics such as health, __ : Yoo No= | {dont know.
— nutrition and safety. g e =
. i - i
2

I

Q -

PAruntext provided oy enic [l

11
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Sample Item 24 ' .- Sample Item 25
Taxonomic Level: Comprehension Taxonomic Level: Coraprehension ~
'I'épic: Sarety Topic: Application of Bio- .
. ‘ - logical Science ‘ _
Administration Ages: 9,132and 17 - *
: Administraticn Age: 17 . -
Percentages of Correct , ; )
Responses: Age 9:Part A—81% Percentages of Correct -
Part B —86% Responses: Part A —56%
Part C — 43% : Part B — 81%
Part D — 77% Part C—76%
Part E—87% )
Age 1 3: Part A— 73% SNy ¥rars ago a [armer had an sverage vield of 50 bushels per acre in his
Part B - 96% corn field. Toduy. & farmer unink the same f1eld averages 100 buahels of corn
Pal’t C - 73% per acre. Is each of the followinge a hiely oxpianatien for the chang?
Part D —96% - : .
P_art E—94% e ] C Yer Noo ldemtamee
Age 17: Part A —70% N o e i . o=
. Part B —97%
) - Part C - 83% * o You §.. 1lun't koo
Part D — 98% R The farmer o~ uming oifferent - [
kinds of corn plants which have
Part E — 96% been hpod Lo give more enen
per plant. .
18 €ach of the Tollewing a safe or unsafe practice” . .
: M - - Yws  Ne Ldon't anew
T TEe e ot . o - o T o T -‘~ (.‘. Th(’lﬂcrﬂ"l‘: Ilr [NI‘I“(X’}D m lhl‘ wr L. - K
has made the farmesWplinta became .
o Safe Un»afe 1 don’t hnow. TLtronger tapesint pollution and
AL Langa ight weight = - - feve) wln to oPoduce Mire corn.
extension cord with
- an clectsic heater . =
ST - 3 — — - 7
Safle U'nsafe 1 dun't know, | ’ - T - - — - —_
B. Stonng pant thuancr (=4 - . »
nedr the gas hat - i
wdater b .. —
L ‘, . "“_r_ e Sample Item 26
— Keeping drain cleaner S&;” bt Fdont know. Taxonomic Level: ~ ) Comprehension
- on an open shelf neas “ ¢ ; :
the buthroom wok ’ . CaE . - i
e e e e et e ] Topic: - Application of Physical
. ) o : . Science
~ ) Safe Unsafe ldon't Know. : .
~ D. Reading opcrating - [eme) = i - .
- Clecincar appiantes . ! Administration Age: 17 . -
‘hefore using them : -~ - : )
1 ! o
T - - E ! Percentage of Correct ~ .
E.  Usuingatork 1o remove Sé; um—"'c ! d‘“:‘._.‘:"""',:“' ResPOI_ﬁses: 42% i
toast stuck m 4 roaster .
\Illhllt.!ht toaster is sull - .
plugged i It is known that certain gases condenss around erystals. What ix this
e . knowledge used for?
e _ _ SO gl ahgiadi et - - - J——
. R : . . &S Detecting radig,signals _
) AAp-p,lzed science and technology. The topics - - Seeding clouds to make rain
t 3 ' s add
in_this component deal with the application Mot matisrofater
< of knowledge in biological, physical and earth Meastrin cean depths
. - o s o471 = « o Meas oces spths
sciences to a variety of societal issues,'and an
undersiahding of the potential payoffs and/or ot e
. . .ot . I t ‘L
dangers of various scientific and technological = Tdontinow
endeavors. ' ' : 3
: : 12 = : '
\‘1 ‘ b . .
ERIC : 95 : .
v O :
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_National Performance. Levels on
Selected Questions

In order to provide an-indication of the

accomplishments and gaps in ability of 9-, 13-
and 17-year-olds on the more than 500
questions asked in the science assessment, the
results of.science items at each age level are
summarized“in the lists that follow. In order
to provide a broad safmpling of what students
have ‘achievéd at each age level, the questions
are divided into five categories based on
percentages of students giving correct re-
sponses. Within each category, examples of
performance are provided at several tax-
onomic levels.

~
-~

s
Y-

\.‘J -

What 9-Year-Olds Know apd Can Do
M.ore than 80% of the 9-year-olds: "

® Knew that a-caterpillar will grow up to
- .look like a butterfly, not a grasshopper,
a bat or a praying mantis (91%).

® Understood that“‘roof's‘, not leaves,-stems
or flowers, hold plants in the soil (88%).

® Understood how to read—a- simple -bar
graph (85%).

-3

e Could apply their knowledge of how a

plant develops from a seed to a plant’

. with flowers in order to select the

correct sequerfce of development from .

among four choices (83%).
Sixty-one to 80% of the 9-year-olds:"

® Could apply their knowledge of eco-
_._.Systems tc an understanding of why
" populations will stop increasing in size
when there is a limited amount of food,

space and air (77%).. ..

-

® Given a list of ﬁvé‘éammon- instruments,
knew that a telescope is used to view the
-- planets (71%).

.. ® Could determine whether a cat, a ship,é

13

pencil, @ bush, a fish, a television or a
chair belongs with a group of animate or

inanimate objects (67%). .

Understood that in summer there are

‘more hours of sunlight, not the same or

fewer hours than in winter (61%).

™

Forty-one to 60% of the 9-year-olds:

Understood that sugar will dissolve faster
in hot tea than in\iced tea (56%). -

Could evaluate how certain objects have
been categorized to emphasize the con-
cepts of hardness and’ softness, rather
than the concepts of dangerous and
nondangerous, or metallic and non-
metallic (52%). . -

Knew that a year is based oathe amount
of time it takes the earth to.revolve

“around the sun, not the time measured

by a clock, the phases of the moon or
the time it takes light to travel (51%).

Could apply their knowledge of nutri-

tion to select a balanced menu aver
menus that emphasize mainly carbo-
hydrates and fats, protein, .or carbo-
hydrates alone (46%).

Twenty-o’he to 40% of thé&9-year-olds:

' ® Given a list of options, understood that

an egg and a bean seed are-alike because
they both contain stored food (36%).

£) !

Could evaluate how certain objects have -

been categorized to emphasize the con-’

cepts of dangerous and nondangerous,

: rather than the concepts of softness and

hardness, or metallic and nonmetazhc‘ .

(26%).- .

Could apply their knowledge of the
directions ‘‘right,”” “left” and ‘“front” to
draw and label a diagram (24%).

Knew the normal human body tempera-
ture is 98.6 degrees Fahrenheit (23%).



Twenty percent or less of the 9-yzar-olds:

Understood that the biological role of
the male in human reproduction is to
fertilize the egg, not protect or provide
for the female or give her the egg (19%)-

Could apply the principic of condensa-
tion of water to examples that illustrate

‘the cooling and heating processes (19%).

Given a list of five common instruments,

-knew that a barometer is used to mea-

sure atmospheric pressure (16%).

Understood that water displacement is

dependent on the size of an object, not .
the shape or weight of the object (7%)-

+ -

What 13-Year-0lds Know and Can Do -

Over 80% of the 13-yea.r-olds

Understood that a child tends to look
like his parents becav.e of the cells that
came from his parents, not because he
gets their blood, ‘eats similar food and
lives in similar surroundings (94%).

Given a list of five common iﬁstruments ,
knew that a telescope is used to view the

planets (91%).

Could ana.lyze a Siir;_ple scientific experi-
ment in which three plants are exposed
to varying amounts of light, in order to

ascertain that the purpose of the experi- -
ment is to test the effects of dlfferent

amounts of light on bean plants, not to
test how high bean plants will grow in
the dark, whether bean plants are as

beans, or the effect of water and Warmth

" on their growth (85%).

Could apply_ their anowledge of the

- meaning of the term ‘“model” to distin-

guish between things that are and are not
models (82%). .

14

Sixty-one to 80% of the 13-year—oids§:

-

N

Knew that fluoride, not calcium, cl-;io-
rine, iodine or iron, is added to water to
prevent, tooth decay (73%).

® Understood that water freezing in a

’

"crack, not dew evaporating, decaying

tree leaves or melting snow, is most
likely to make the rock break open

(T2%3).

Could analyzé the information on a
graph of weather data in order to choose
the "best description of the relationship,
between temperature and pressure for a
given period (62%).

Forty-one to 60% of the 13-year-olds:

® Understood that vengreal disease is com-

mon today among people. in all kinds of
communities, not only among poor peo-
ple, criminals, city people, young people
or people over 25 (60%).

L Cou._ld analyze a graph showing linear

_green. as.pea plants, how to.get the most —.. ... ... ...

progression in .order to choose, from a
list of four options, the most predictable
price for a product in the future (56%).

Knew that it is the function of the blood

. to protect against disease, carry food to
.cells, carry waste materials from cells

and carry oxygen to all parts of the
body,Put not to digest food (50%).

Could apply the concept that the “aver-
age™ of all measurements taken by, a
group of 30 students will probably be
closer to the actual length than any 1
result, the average of the 10 largest

results, the average of the 10 smallest

results or the largest result (41%).

Twenty:one to 40% of the 13-year-6lds:

Understood that harvesting, not yield,

- growth or use of fertilizers, is the major

problem of planting high-yield grains in

ey
)]
/
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" underdeveloped countries (36%)'. -

Could evaluate the rneanmg of mforma—
tion-on a .line graph that shows, the
irregular moyement of,a beetle ‘over a.
10-minute period, not that the beetlc

- was looking for food, trying to climb a
wall or changing direction every ‘half

minute (34%). ..

Knéw that cars, rfot open trash burners,.

fog or factories, are the major cause of -
air ,pollution -in most large Amencan

c1t1es (29%).

)
\

Could apply their knowledgethat‘ sun- -

shine is needed for life on-this planet for

- a yariety of different life forms such as

T

“plants, ammals and mseets (26%). .-

fity percent or less of the 13-year-olds:

® Understood that *“no smoking’’ signs are

rmmeant to control the supply of burnable

*  material that could start a fire, that foam

fire extinguishers are meant to “control
the supply of oxygen available for a fire

& .

and that heavy électrical wires-and brick, -

walls are mednt to control high tempera-
tures of a fire (20%).

Knew whether or ﬁet such foods s
sugar, beef, cheese, milk and fruit are
rich in protein (17%). -

~

., Could apply their understanding oi the

. advantage of the ‘pecking order” in

animal behavior to their selection of
“survival of the strongest™ as the reason
for this behavior as opposed to inheri-
‘tance, experience or the reduction of
stress and ﬁghtmg 15%).

- Given a list of possible meanings, under-
. stood what the phrase “a chance of rain”
-actually implies (14%). -

What 17-Year-Olds Know and Can Do

More than 80% of the 17-year-olds:

-

-~

S~
Understood that veérnereal disease is'com-
mon among people in all kinds of com-
munities, not only among poor people,
criminals, city people, young people or
people over 25 (93%). '

]

Knew that the main function .cf the
kidneys is to remove waste ‘materials
from the blood, not dlgest food, circu-
late the blood or produce red blood cells
(89%).

Given a list- of claims,\céuld analyze an

advertisement to find out whether or not
each claim is made (87%).

Could apply planning theory to select
the most accurate definition of a prob-
lem that has conflicting environmental
and economic benefits (82%). .

- Sixty-one to 80% of the 17-‘year-olgls:

Knew that Fthe cell, not, the organ;
‘ tissue, organism 6r population, is the sim-
plest biological unit of structure (80%).

Could apply the congept of the predi.:-
tion of consequences to choosing tae
best course of action to take in dealin;
with a disease-carrying insect (71%).

Understood the concept of energy trans-
formation as it applies to four examples
of pussible change (71%).

Could analyze a scl.uemata' of genetic
make-up to estahlish that brown fur
color according to that $chemata is a
dominant trait, not a recessive, blended
inheritance or sex-iinked trait (69%).

Forty-one to 69% of the 17-year-olds:

Could abply their knowledge about the ..

effects of relative humidity on evapora-
tion. to two examples of the possible

effects of-100% relative humidity (60%).

-

Knew .that when thé cell of a plant stem -
divides, each new cell- has the same

t




Twenty-one to

N ]

1

number of chromosomes as the parent

cell,
number (53%).

not hall the number or twice the ~

Understood that’ coating an iron nail -

with oil, painting it or putting it in a.dry
place will keep it from rusting, but that
wrapping it in a wet towel or dipping it
in vinegar will not keep it from rusting

(49%). _ S
e of the 17-year-olds

Understdod the physical principle of a_
mixture ana could choose a diagram that
best illustrates it (40%). -

Knew that cars. noit open trash 6umers,
fog or factories are the major cause of air
poilutior in most large Amencan c1txes
( 3 T%).

Understood that if you are looking to
the west and see the.full moon near the
horizon, it is nearly sunrise, not noon,
sunset or mxdmght (34%) : -

Could apply dec1sxon-mak1ng theory to
cases ih which the information would
cost more than a “wrong decision, the
irfformation might not be acceptable.
one has experience in making decmons;
or time isa crucial element (27%}).

<
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Twenty percent or less of the 17-yearolds:

Knew that in the ‘hu‘man female the

. fertilization of the egg usually occurs in.

the oviduct, not the cervix, ovary uterus
or vagina (16%) T

Could appiy the concept that there is -
always measurement error to a va.rxety of
circumstances (12%) .

-~

Q Understood that a wide variety of con-

sumer products such as plastics, syn- -
thetic fabrics, etc., are petroleum prod-
ucts (1.2%). . -
Given a range of options from best to
worst, knew how the infant survival rate

. in the United States compares to that in

other cduntries (3%).

As the discussion in this chapter indicates,
the 1976—77 science assessment is a compre-’
hensive look at the achievement of American
students in science, and provides an excellent
model for the development of assessment
instruments in the area. Readers interested in
a more detailed analysis of the data for
individual items will find that.information in
the forthcoming technical report a.nd exercise

apnendm volume..

4
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A SUMMARY OF STUDENT PERFORMANCE IN SCIENCE N

-~

The focus of tHis report is groups of
~students’ achievement in science throughout
the nation. Natipnal Assessment, unlike most
 testing programms, doesinot report scores for
 individuals” Rather, NAEP presents data
abg,ut’groups of students’ responses to certain

_exercises. Definitions of the groups discussed

. in this report are presented below.

' Reporting Groups Defined
Age . '
*Results are presented for -9-, 13- and

" 17-year-olds enrolled in school at the time of
the assessment. .

Sex

1

. females. -

Rgsu]ts are presented for botin males and -

Racial/Ethnic Background

= Results are pfesenbed- for blacks, whiles,
Hispariics and oihers.  :., h

Percent White Composition of the School
Results are piesented for (1) schools in
which enrollraent is less than 60% white and

(2) schools in which enrollment is more than
60% white. ~

o

More detailed information on the methodolozy
employed by National Assessmhent can be found in
the General Information Yearbook, Report 03/04-
GIY, 1971—72 and 1972—73 Assessments (Denver,
Colo.: National Assessment of Educational Progress,
1974). Specific chapters on sampling, objectives and
exercise development, administration, data processing
"and analysis procedures can be found in this vblume.

-~

~

<

~

Grade Levei in School

Results are presented for each age group by
grade level. At age 9,results are presented for
students below 3rd grade; 3rd graders, 4th
graders and those above 4th grade; at age 13,
for students below 7th grade, 7th~graders, 8th
graders and those above 8th grade; at age 17,
for students below 10th grade, and for 10th,
11th and.12th graders. _ ...
~ The grade in which most students are
enrolled is defined as the modal grade for-
each age level. At age 9, it is 4th grade; at age
13, it is 8th grade; at age 17, the modal grade
is the 11th. - -

Region - .

. Using the U.S. Office of Business Econom-
ics categories the country has been divided
into four regions — Northeast, Sputheast,
Central and West. States included in each
Tegion are shown on the following map.

~

%




.

S N\
‘Census Region )

Using the U.S. Bureau of the Census
categories the country has been divided into

nine regions. They are listed cn the chart that °

follows.

Census Regions
™ . - -
New England North Carolina

South Carolina

Connecticut ~ Virginia
Maine West Virginia
Massachusetts
New Hampshire East South Cenzral
Rhode Island . -
Vermont Alabama
T Kentucky
Middle Atlantic Mississippi
_ Tennessee
New Jersey
New York West South Central
Pennsylvania ’
oT Arkansas
East North Central Louisiana
Oklahoma
lIlindis Texas
Indiana ) :
' Michigan Mountain
Chio
Wisconsin Arizona
: . Colb;ado :
Wesi North Central tdaho
' ' Montana
- lowa Nevada
Kansas New Mexico
Minnesota Utah
+ Missouri " Wyoming
Nebraska
North Dakota Pacific

South Dakota ] .
¢ ' : ' Alaska

South Atlantic California

, Hawaii
Delaware . Oregon
District of Columbla Washington
Flonda
Georgia

" Maryland

18

Size of Community

Big city. Students in this group attend
schools within the city limits of cities with a
population over 200 000.

Fringes around big cities. Students in this

group attend schools within metropolitan
areas served by cities with a population
greater than© 200,000 but outside the city
limits.

Medium city. Students in this group attend
schools in cities having a population between
25,000 and 200,000 not classified in the
fringes-around-big-cities category.

Smalier_ ‘ pl&ces. Students in this group
attend schools in communities having a popu-

lation less than 25,000 not classified in the
fringes-around-big-cities category. '

Type of Community

These communities are defined by an occu-

.pational profile of the area served by a school

as well as the size of the commumty in wh1ch

.the-school is located.

Advantaged-urban communities (high met-
ropolitan). Students in this group attend
schools in or around cities with a population
greater than 200,000 where a high proportion
Of the residents are in’ professxonal or mana-
genal posmons

Dlsaduantaged-urban communities (low
metropolitan). Students in this group attend
schools in or around cities with a population

" greater than 200,000 where a high proportion

of the residents are on Welfare or are not
regularly employed .

n

Level of Parental Education

Students’ reports on the education level

- completed by their parents were classified



into three categories: (1) those whose parents
did not graduate from high school, (2) those
who have at least” one parent who graduated *
from high school but did ot continue
beyond high school and (3) those who have at
least one parent who has had some post high
 scnool education. -~

Types of Reading’Matter in the Home

Each student was asked whether his or her
family received a newspaper and magazines
~ regularly, whethet there were more than 25
books in the home and whether there was an
encyclopedia in the home. Responses were
classified into the followmg three categories:
(1) students responding “‘yes” to two or less
questions, (2) students responding’ “yes” to
three questions and (3) students respondmg
~ “yes’to all four questions.

Déscription of the Data .

Exhibits 4 through 21 provide summaries
of achievement.for students ages 9,"13 and.
17. The, summaries represent the mean per-
centage of students who correctly answered a
composite of all- cogmtlve science questions

. asked at a given age. At age 9, the means are -

based on 209 questions; at age 13, on 284.°
questions; and at age 17, on 213 questions.
Each graph provides achievement summaries

for selected groups within the total national -

" sample. Performance is described by sex,
“xacial/ethnic background, region of the coun-
try, community size and type, grade level in
school, racial cemposition of the school,
reported level of parental education and types
. of reading matter within the~ home Per-
centages of the national sample in each
reporting group can be found in Appendix A.

Each bar in Exhibits 4 through 21 repre- -

sents the mean achlevement for a particular
group at a particular age. The smaller bar
within each bar extends two standard errors
above and below the mean achievement for

19

that group. The horizontal -line across each

- graph represents the mean achievement of the

total age population described in the study.

A standard error of the sample mean is an -

4 estimate of the sampling variability among t=e

means of all possgble samples; it is used to

- estimate the precision of the mean obtained

in a particular sample. Intervals of two stan-
dard “errors below to two standard errors
above a partlcular statistic would include the
average of the statistic. in approximately 95%
of all possible samples. An interval computed.
in this way is a 95% confidence interval. For
example, the mean achievement of North-

. eastern 13-year-olds is 51.2%. Two standard

v

errors of this mean is calculated at 0.9
percentage points. A 95% confidence interval
for this group would includé 51.2% *0. 9 or
the range from 52.1% to 50.3%.

Summary of Group Results

The performance levels of most of the
reporting groups were highly consistent across. .
the three age levels assessed. That is to say;
groups that tend to perform above or below
the national average at one age tend also to clo
so at the other ages as well.

While the achievem_ent differences reported
here point to areas- of concem, readers are
cauticned not to ascribe these differences in
achievement levels solely to membership in -
the particular group described by the-label.
Research has shown that any ‘number of
socioeconomic, school-related and environ-
mental factors contribute to performance on
achievement tests. Since no known factor or.
cluster ol factors adequately describes an
entire group, and since the factors are inter-
related in a variety of ways, care must be
taken not to overgeneralize based on these
data. While the data in Exhibits 4 through 21
accurately describe the achievement levels of
various groups of students, caution must be. .

taken not .to attribute a cause~and-effect~’;_.5"
relationship to. these factors. - i

e

.
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Exhibits 4 throuwgh 12 illustrate the rela-
tionship between achievement in science and
racial/ethnic background, sex and the region
in which the students- live. The graphs show
_ that certain groups consistently performed
. above or below the national average at each
age assessed.

The overall percentages of white students
- and male students who answered science
questions correctly are consistently above the,

national levels at each age. Nevertheless, there
is substantial variation within these broad
groups. Some groups of white and male
students are shown to be falling below the
national average. :

‘White Students -

Whites who are male, go to schools that are
‘at least 60% white, are at or above the modal
grade for students their age, reside in ad-
vantaged-urban communities and have access
to at least four types of reading matter in
* their homes all performed above the national
average at their age. However, whites who are
at low grude levels, come.from disadvantaged-
urban communities and have less than. three
types of readingsmatter in their homes all
performed below thé national level for their
age.

_ Male Students ’ . N

While males tended to perform above the
national average at their age, this was not the
case for males from the Southeastern. states,
black males, males: who reported that their
parents have not graduated from high school

and males who were below the modal grade -

level for their age.

.The overall percentages of black and His-
panic students, femalé students and South-
eastern students who answered science ques-
tions correctly were consistently below the
" national level at ages 9. 13 and 17. However.
there are considerable differences in the per-
formance levels within these broad groups as

’

well. In some cases achievement is at or above
the national average; in other cases there are
clear pattems of higher achievement related
to socioeconomic status.

BJE-:ck and Hispanic Sturlents

Hispanic students at the modal grade level
tended to perform a little below the national
average for their age. Among black students,
the achievement of those living in ad-
vantaged-urban communities (high metro) is
near or above-the overall performance of their
age mates (age 13). The availability of
reading matter in the home appears to be
related to achievernent as well. The per-
centage of black students at each age answer-
ing science questions correctly consistently
increased with an increase. in the reported
types of reading matter in the home.

Female Students

Not all female students performed below
the national- level for their age. The per-
centages of females in the Central and North-
eastern states, those who are white and those -
at or above the modal grade for students’at
their age answering science questions cor-
rectly tendeé to be at the national average.
Females whose parents are educated beyond
high school performed' above the national
average at all three ages.

Southeastern Students

Although Southeastern s'tudentsﬂ generally

- performed below the national average, South-

eastern whites’ scores are at the national level
at all three ages. Among Southeastern stu-’
dents at or above the modai grade for
students at their sge, achievement levels are
close to or equal to the natlonal average as

~

well. .

Exhibits 13, 14 and 15 illustrate the
relationship between achievement and the
grade in which students were enrolled in

S
e - )



EXHIBIT 4. Mean Percentages of Selected Groups of White, Black and

i
-l.“’ .

Hispanic Students Answering Science Questions'Cprrectly, Age 9
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EXHIBIT5. Mean Peréentages of Selected Groups of Male and Female
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EXHIBIT 7. Mean Pertentages of Selected Groups of White, Black and

Correctly, Age 13
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40! Percentages of Selected Groups of Male and Female

EXHIBI'r r

Swicants Answering Science Questions Correctly, Age 13
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EXHIBIT 9. Meah' Percantages of Selected Groups of Students in"Various
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Regions Answering Science Questions Correctly, Age 13
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Science Questions Correctly, Age 17
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EXHIBIT 10. Mean Percentages of Selected Groups of White, Black and

Monial /€ thmec
T Group

L] [y
= WH J0S14ALY 593V | v
: m. m o MM I053ALE SNIVIY
m . - mmm A Wi JOSIJALE~ SNIVIE
m , T f ] - WU J0STdAL b 811N ]
w v WM : . W 3 W u.u..;w...w%
._ i "] - T WU JORIIALES SR
N SIINYSIH NHI1STIHIHON : ' } .
=n SIUNVLSIH WIS IM 3 . LR __S¥IV18 OuLIN HOIH
[ $%3Y18 NUIISYIHIUON 2 e SWOVIE OUIIN MO
afm SHOVIE IVHINID w wf SI1THW OWLIN HOIH . ,
L} SYOVIEREIisIM ] EY r - SILIHM OU1TA MO . ’ \\
win SHIV IS NUIASYIHINGE ] ) \\\\
$311rM U315V AHIEON . . e : $IINVSIH 30VHD HIZI . R .
SILIHM TYHINTD * SHNYESIH JOVHD HIlL |, , \
SILHM NE3LSIM == . TINVSSIH 30VUD0 Hi01 - ’ P
- :
N— SILIHW NHIISYIHINOS w ww - — $¥3¥18 30VED RLLL ya )
N M " a.xu(..- uncxoWw.. 3
i $ID0HDS HM 00108 N1 530V 19 & , ) ] TS N9V 18 30VED HIDI .
¥ _
oE__ 100005 imses-oNisAIvIe o ‘ s = . SILIFM JOVED ALT
$100H5 1M %001 09 NI ST1IRM . . . : ) * NI
P - $M0HIS I!.‘m ONISTLIHM < ' uu::u‘ 3AYYH H10L .
N .
% $3vAig wovia , : i. "SHOS M %001-04 NI S3V18 TIVN/ISTIY |
L7 T LEETAL | wfl SHOS A %650 W SHIVIE G LUTIT] .
S1IvA1d T1IHR M ' wfm SALEIT] 00 VNI SAIVVE T3
ERLENCL m ofly ST M GNISIIVIE 38
e . STHF T S H-GYNISILINN NOTIVN 10 1514
- : (ELZII m + SINDS 1% %65 O NI ST1IHM NOIIWN 40 1530
- SLELAL] .. u@m SIHI5 HMA001- OV NI SILIHM 1§
SIiT SIHIS M85 O NI BI1THM E
r'd
} + + } $ t { - t t {- -4 { 1 — . @)
2 $ R H e o B g 8 ‘g 8 H] 2 ° O—)
. ] & ;
WP PO My 1 by . Ruprg jo st reg urep u

E



EXHIBIT 11. Mean Percentages of Selected Groups of Male and Female

Students Answering Science Questions Correctly, Age 17
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EXHIBIT 12 MeanPercentages of Selected Groups of. Students in Var

Regions Answering.Science Questions Correctly, Age 17
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. éXHIBIT 13. Mean Percentages of Selected Grbups of 3rd and 4th
_ Grad'ers Answering Science Questions Correctly, Age 9
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school. The grade in which a stud.at was status (SES). Most studies. of student achieve-
enrolled may be the result of school policy on ment show a high assoc1at10n between indi- -
enrollment, academic progress of the student, cators ‘of socioeconomic status and achieve-
parental attitudes, student health or other ment. The National Assessment science results

. factors. Nevertheloss one would expect that corroborate these findings. Three broad meas-
achievement would improve with a greater - ures of SES are described in these exhibits:
amount of schoolmg The data in Exhibits 13 ] _ . '
through 15 support this expectation for all ® The reported level of parental education
the groups that National Assessment de- - " is-a mheasure of social status .in the
scribes. Fourth graders in a given group community. -
consistently achieved higher than 3rd graders . :

_ in that group; the same pattern holds true at ‘® The types of reading matter in the home
7th and 8th grades and for 10th, 11th and are a measure of the attitude of the-
12th grades. The data suggest that amount of family toward intellectual activities.
schoolingis positively related to learning for ° -
all groups. However, these data also point to ® The type -of community is a broad in-
disturbing. differences between groups. White dicator of famjly income. High and low
3rd graders performed at the same level as ~metropolitan are defined by an occupa-
Hispanic 4th graders and.above the level of _ tional profile of the area served by the
black 4th graders. White 7th graders outper- school as well as the sxze of the' com-
formed black and Hispanic 8th graders. White munity. .

"10th graders performed”as well as Hispanic _ . .
12th graders and above the Ievel of black 12th The data support the findings of other
graders. studies showing that the various measures of

3 - socioeconomic status are all highly related to
‘Exhibits 16 17-and 18 chsplay the relation- achievement. Students whose parents have a -
_ship between"achievement and socweconormc - post high school education, who have at least
- -
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ges of Students in
Selected Socioeconomic Groups Answering

Science Questions Correctly, Age 13

~

EXHIBIT 17: Mean Pescenta

Science Questions Correctly, Age 9

EXHIBIT 16. Mean Percentages of Students in
Selected Socioeconomic Groups Answering

"

-

)
Tvpws ut o

Moeerny Motime

Y

Lommrmairsty
Trws

T o

B ‘

NYI0SIdAL -

mlpflcl i
F. ’x!u:sr—

-

LX) am:-_
‘

T TG rom 1504 |
'I S M -L
B . . mc(-o dgtum ...o‘zu

$QVAY 10OMP rvovt .c..i._

___-J_.L.L L

borb et gy ]

LCommuomnine
Tvoe

tH ™) in the Home

Parer
# Buceteon

bt —

2
=

? - 2 R 2 °
QB 73 ey Wwayy

s

T e S 1
& T T Rwmnny
R N YT LT
| el ST
e S 4
T T U Awesiae
“ !
: '
i i
l.h‘; e e e e e ’I.
® ' LT TR oon s woin :2*
hf-li?ii.i . R
o . e mﬁ(tu JStume.x i

S -
Savinit YOoH 3 Whin —S

i
m

4 -4 L
3 8 g 2 g g o

Bpas 16 ey ey

EXHiBIT 18..Mean Percentages of Students in

P f

Selected Socioeconomic Groups Answering

Science Questions Correctly, Age 17

Comamety
L

Type ot

Reochng Mattw

M) o the Mo e

Parental
Educanon

J

I.N.._....Iul!:.,f--‘.\.-:!. S

OH L In HOI
zl—...ﬂ...»u xi._

ey T mm_x_.:dm.;

———— e [t

|

wH ..Gwmsb_[-l¢

R TT 1T

.. X L. 1 i.L
) e s
S CERLITING
L]
a J .7
———— P Tra——
L] _ 100H75 HOIN 1504

]

SOYHD 00HTS HOIK

ml.lzll. " TSV T00H3% WO 10N |

e L LT Y

—p—— by R e SR R
3 2.8 a R 2 €
£L.mprS o dBeining uray
L

Aruitoxt provided by Eic:

E\.

.

hVy

Ve



-

four types:qf rending maiier in the home or

" who live in. v an_communities with a high

proportion . -f . ofessional or managerial resi-

dents-{hi_b =-iro) all achieved well above the *~
;,na'tfon:ﬁ ic+.-; for their age. Conversely, stu-

“dents whose parents have-not graduated from
higt schoc!, who have less than:three types of
remiing matter. in the home cor who live in
trhan communities where a high percentage
of residents are .on welfare or not regularly

“emploved (low metro). all achieved well below -

the ‘national- average for their age. “These

-

.

patterns are consistent at all three ages. V

_ Exhibits 19, 20 and 21 display-the relation-
ship between seience achievement and the size
of communities in which students attend,
school. The difference between the perform
ance of students attending schools within the
city limits of large metropdlitan areas (bigh
cities) and that of students attending school -
outside the city limits (fringes around big

_cities) is particularly noteworthy.

~ -

I3

EXHIBIT 19. Mean Percentages of Students in
Cemmunities of Various Sizes Answering - -
Science Questions Correctly, Age 9 ~
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EXHIBIT 20. Mean Percentages of Students in .
Communities of Various Sizes Answering
Science Questions Correctly, Age 13

~ - -

. Community




Comparisons of Performance 17-year-olds over-13-year-olds was 14 per- -

Between Ages . centage points?

Many of the questiors administered in the " Among the findings for the various groups
1976—7% science assessment were asked at. are: . - s - :
‘two age levels — 66 identical questions were il . . .
asked at ages 9 and 13; 197 -identical ques- e t‘A* higher percentage of 13-year-old
tions were asked at ages 13 and 17. Asmight .  whites answered science questions cor-
5e expected, performance dramatically im- **~ ‘rectly than did 17-year-old blacks.
proved between ages 9 and-13 and 13 and 17. L% X
Thirteen-year-olds had a 21 percentage-point ® Thirteen-year-olds in the 8th grade per-
advantage over 9-year-olds; the advantage of formed at the same level as 17-year-olds

in the 10th grade.

L Thn’teen-year-olds whose parents . have

EXHIBIT 21. Mean Percentages of Students in post high school education performed at
Communities of Various Sizes Answering - "~ the same level as 17-year-olds whose
Science Questions.Correctly, Age 17 - Parents did not graduate from hlgh
. . school.
— Community . s . . -
: Size ® Thirteen-year-olds in advantaged-urban
: : communities (hlgh metro) outperformed -
70 — A ' . . 17-year-olds in disadvantaged-urban

EREE ’ ' S communities (low metro).

‘) 60 : : A comparison of the relative performance
‘ T . _ of the varicus groups on these identical sets of
.l. . guestions suggests that most groups maintain
+_-.-_ National the same relative advantage or disadvantage

so L \\ . Mean from age to age. For example, the percentage

' F} i . of students in the Northeast that answered

' ) these science questions correctly is approxi-

X . . ; L mately 2 percentage points higher than their .

a0 L : 11 . age thates’- nationally at ages 9 and 138. Cn

" questions asked of 13- and 17-year-olds,

Hispanic students performed approximately

- _ 10 percentage points below the national

3+ - average. However, some notable exceptions
do exist.
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20+ Between Ages 9 and 13

‘ ® The dxsadvantage of Hispanic students

-

10 4

&

2 See Appendnx B for the relative performance of the .
- i major National As;essment reporting groups on iden- «
0 R . ' tical questions.

BIG CITIES
FRINGES AROUND BIG CITIES
MEDIUM GITIES

SMALLER PLACES




- inc?eased by 5 percentage pointg; ‘
® The advantage of students- in affluent-
urban communities (hlgh metro) de-

" creased by d#lmost 3 percentage points.

® Tha disad\.;antage of students in big cities

decreased by appro‘umately 2 per-:

centage points.

Between Ages 13 and 17

® The disadvantage of black students in-
creased almost 6 percentage points.

The disadvantage of inner-city students
(low metro) increased by more than 3
percentage points. ' ;

® The advantage of students in afﬂuent—
urban communities decreased by over 2
-percentage points. -

® The disadvantage of students in big cities

increased by over 4 percentage points.
These findings suggest that the achievement
levels of racial/ethnic minorities and econom-
ically disadvantaged students in this country
-are not improving, and may even be getting
worse as the students get older.

r

Variations in the Overali

Patterns of Group Performance

o~

The relative performance of each@p
tended to be consistent across
areas and taxonomic levels described in the
science assessment (refer to/Chapte‘r 1). That
is to say, if a group’s performance overall was
4 percentage points below the national level
of achievement at a certain age, that 4-point
disadvantage tended. to be consistent across
each of the specific content areas and tax-
onomic levels. Conversely, groups with overall

.-

1 content

" achievement advantages tended 6 maintain

those advantages in each content area and at
each taxonomic level. Nevertheless, within
this “broadly consistent pattern of achieve-
ment, several notewortny differences are evi-
dent.? :

.® The disadvantiage of Southeastern stu-
. dents at each age was greater on anal-
ysis/synthesis and process-methods ques-
tions than their overall 3 to 4 per-
centage-point disadvantage.
® Among disadvantage¢ socioeconomic
groups — i.e., students whose parents did
not graduate high school, those attend-
ing schools in low-metro communities,
and black and Hispanic students — defi-
cits in science achievement tended to be
greatest at the higher taxonomic levels .
(application. analysis/synthesis) and for
the process-methods and decision-
~ making areas.

Differences in the performance levels of

~ male and female studenis were particularly

noteworthy for several of the areas described
in the science assessment. Exhibit 22 displays .

- " the relative advantages of males and females
for each content area of science. Although
. males had an advantage in almost every area

described in the assessment, that was not the .
case in the decision-making and science-and-
self areas. In the areas of physical and earth
sciences, the male advantage is particularly
large. ' R

Exhibit 23 graphically displays the relative
advantage of males for each taxonomic level
of ‘the matrix. Although males had an ad-
vantage at each level, the advantage became
progressively smaller at each higher level.

3See Appendix C for the relative performance of the
major National Assessment reporting gréoups in each
content area and taxonom:c level of the science
assessment. o
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EXHIBIT 22. Relative Advaﬁtages of Males and Females
for Each Content Area of Science, Ages 9, 13 and 17

. Percantage Points of Percantage Points of
N Female Advantage - Male Advantage
-
10 8 & 4 2 2 4 6 .8 —0 :
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EXHIBIT 23. Relative Advantage of Males for
Each Taxonomlc Level of Science, |
Ages 8,.13and 17 | . .
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o |  CHAPTER 3

A COMMENTARY N

A

In the following cormmentary on Science Achievement in the Schools,
Lester G. Paldy discusses some of the social implications of the fmdmgs
'and - suggests policy directions for the future of science education.
Professor Paidy is university-wide dean of Continuing asnd Developing
Educatron at the State University of New York at Stony Brook, where he
‘also serves as associate professor of Technology & Society and adjunct
-associate professor of Physics. He currently is serving as editor of the
Journal ‘of College Science Teaching for which he writes a column on
science policy developments and is conSUItmg editor of The Physus-

Teacher.

WILL OUR CHILDREN BE READY-FOR THE 21st CENTURY?

A Commentary on Science Achievement in the Schools

Lester G. P-a_ldy -

State University of New York at Stony Brook

Even as readers acknowledge the scope and
-utility of this National "Assessment séience
‘report, many will be disturbed by the jarring
reminder of what differences in socio-
‘economic status and sex mean to many young
Americans in terms of science achievement.
The fact that blacks, poor whites, Hispanics
and females tend to perform consistently

below national averages at the three levels’

tested, and that differences in performance
levels wzthm these broad groups are often
related to socioeconomic status, grates on the
.sensibilities of those who believe that equality
,of opportunity is the weilspring of American
= democracy. The report reminds us over and
over again of the disparities’within the sys-
tem. Black and white students hvmg in
advantaged-urban communities perform sig-
“nificantly higher on’ science questions than

their peers living in disadvantaged-urban com- -

munities. The severe educational disadvantage
'in science associated with low socioeconomic

35

" more rapid progress toward the elimination of

status, and the distance that r'emaiﬁs to be

traveled if the gap is to be closed, cannot be
overlooked in a society that makes increasing ‘
technological demands pron its citizens.

The unpllcatlons of our fallure to make -
&'
poverty and sharp distinctions in soc1o-
economic status are nowhere more serious
than in the assessment of differences in school

achievement. Science achievement, in particu:

lar, is important for those seeking to break
out of the cycle that traps disadvantaged *
generatlons.l Leaders in all sectors of Ameri-
can society are increasingly - bemg drawn

from the ranks of those possessing scien-
- tific and technologlcal abilities. To the ex-

tent that young men and women lack these

. abilities, they will be underrepresented at all -

leadership levels in the public and private -
sectors. Without adequate indigenous leader-"
ship, efforts to improve the condition and -



status of the disadvantagéd‘and women in the
United States will: inevitably be slowed.
Young . persons with poor science training,
even if they do, not aspire to positions of
leadership, are likely to- be seriously handi- _
capped as they seek employment m a post-
industrial sociéty’s service organizations that
_ are technology-intensive. Real unemployment
is already unacceptably high among minority
youth in urban settings, and the disparity in
" the science achievement of poor urban youth
and women reported by National Assessment
should be regarded as a harbinger of worse
times to come by those concerned with soczal

economic and educational development in the
United States

I do not believe that the schools alone will _
be able to solve this problem. Wid_e-ranglng
needs assessments supported by the National
Science "Foundation during 1977 have sur-
veyed the literature and practices of scierice
. education and developed case studies of repre-
sentative: American schools.!’?’?**%  One
inference that can reasonably be made from
these studies is that while schools have
managed to maintain the quality of science

instruction for that small group of students

‘who often go on to college and elect scientific
or -science-related careers, schools are not
successful, in general, in meeting the needs of
* children who come to school with educational
disadvantages. This inference is corroborated
by the National Assessment findings. Even
teachers who are intellectually committed to
egalitarian social policies find themselves in-

creasmgly frustrated by their 1nab1hty to deal

~

Y The Status of Pre-College Science. Mathematics and
Social Science Education: 1955—73. 3 vols. (Washing-
ton, D.C.: U.S. Government Printing Office).

2 Case Studies in Science Education: Design, Overview
cnd General Findings (Washington, D.C.: U.S. Gov-
ernment Printing Office). .

3Case Sludzes in Schncc Education: The Casc
Reports {Washington, D.C.: U.S. Government Print-
ing Office).

Report of the 1977 National Survey of Science,
Mathematics and Social Studies Education (Washing-
ton. D.C.: U.S. Government Printing Office). <
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with heterogeneously grouped students exhib-
iting wide differences in skills and motivation.
At 'a time when school resource allocations

~ are likely to suffer as a result of declining -

enrollments, and with" schools’ commg under
severe attack from external forces even as
they are beset by intemal strains,.it is not
reasonable to expect that schools possess, the
organizational resources required to attack
‘the achievement problem alone. Accordingly,

any plan to address the problem must draw

upon many resources if it is to stand a ehance
of success. .

We might be tempted to believe tﬁait_
minorities. and women have made significant
progress during the past decade in achieving

‘equality of educational opportunity as evi-

denced by a variety. of indicators. Unfor-
tunately, a recent report of the U.S. Commis-
sion on Civil Rights makes clear that the

' . situation has, in fact, worsened. The Commls-
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sion report Social Indicators of FEquality for
Minorities and Women,® reveals that educa- .
tional inequality has increased slightly since
1970, with twice as many minorities and
women as majority males two years or more
behind the average school grade for their age. )
The high school dropout rate has not im-
proved significantly for 15- to 17-year-old
minority group members; some minorities are
twice as likely as whites to drop out. Minori-
ties lag 35% behind in the probability of

.completing college, and a much highet per-

centage of minorities and women continue to

fil! jobs requiring less than a high school =

education. -A similar situation exists in jobs
requ.ring less than a college education. ‘

The complexity of the education problems
posed by socioeconomic status -differences
and their implications for science achievement .
is such that policy makers have few choices:
We can treat these problems with ‘“benign
neglect” and hope that improving economic
conditions will_ eventually pull science

SSocial Indicators of Equality ” for Mmontzce and
Women (Washmgton 'D.C.: U.S. Commxsswn on Cw:l
Rights). ‘



achievement up, or we can try to\_desig'n -a
“comprehensive plan involving individual citi-
zens as well as public and private sector
organizations in an attempt to enhance the
science achievement of those children and
youth whose socioeconomic status, sex or
race place them at a disadvantage. Any
comprehensive plan to increase school science
achievement of the disadvantaged must call
for the participation of parents, schools,
community organizations, institutiens of

higher education, the national media and state.

and federal agencies.

What Can Be D_one?

Since this report reveals that some scierrce
achievement differences ‘increase with “age, it
- is reasonable to conclude that early interven-
' tion is essential. The parents of children in
‘elementary school can, by creating a positive
home environment, influence the overall
school achievement of their children. Un-
fortunately, it is the parents of the disad-

.vantaged who are least likely to have either

" the training, resources or time needed to
create the kind of environment that the data

seem to suggest is beneficial. Without special
assistance it is unlikely that these parents can -

provide adequate_reading material or. en-

courage materials - exploration with things
such as science toys and games. Many parents
of disadvantaged children find it difficult to
take young children on trips to zoos and
aquariums or participate -in other science-
. related activities that cari play a large part in
the early development of interest in science.
- .Nor are such parents likely to be.able to serve
as role models in fields related to science and
‘technology. Community organizations must
take the lead in working closely with schools
to develop parent-effectiveness training pro-
grams designed to demonstrate to disad-
vantaged parents how they can help at home,
if only by monitoring their children’s tele-
- vision-watching time while attempting to pro-

vide even modest. assortments of appropriate

-~ reading matenal

With support and léddership,’ schools;, com-
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mur:-ty .organizations and parents themselves
can play important parts in breakmg the cycle
that often condemns chlldren to low achieve-
ment levels in science. One possible alterna-
tive is’ the development of groups like 4H
clubs in urban areas; which can begin to
