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INTRODUCTION

For the pas= decade, various reports of an. -,nt achievement
nave intfIcated that black students in American .n°02E:generally
.parform ,Llealow the level-obtained by their wh_f_.=a ntemporaries in
science arnd mathematics (Helgeson.et al., Condition of
Educetici- 1978,. pp.. 94-97). Reports also hz.v indicated that
achlevemant'-has declined among. all American ',__.:_eats during the
past dee in science and in mathematics,. various National
Asseseitenc. reports: Changes in Mathematical Achievement, 1973-78,
1979; _:Lance Achievement: Racial and Region ti Trends, 1969-73,
1976; I'brae National Assessments of: Science, 1969-77: Technical
Summary, 2979.) Given this ingprmation, -one might conclude that
American. students --. especially those who are black -- are

to seek careers and occupations requiring knowledge
of sciem=e and mathematics.

This conclusign should not be accepted, however;',without More
detaile,a examination of students° performance. For example, in,
cases v-'nere there have been differences in achievement between
groups over time, it would seem fair to ask, "Are there any are4s
where either group's performance is consistently above, below cr
equivalent.to some national level of performance?" Ability and
achievement are not synonymous terms. Numerous factors, such"as
student exposure to subject materials (Medley and .Quirk, /1974;

/ Thorndike, 1971), student motivation (Epps et. al., 1971; Banks et
al., 1978)., interaction between the tested and the testers (Katz,
et .al., 1963, 1964, 1972), socioeconomic variables (Davis, 1952;
Cameron, 1968) and others are well documented as effecting
performance on tests, regardless of a student's ability.

Too often researchers have searched for answers to questions
about differential achievement in the "characteristics of the
performers" rather than in the "characteristics of the"
performance." The implications of each of these approaches are
quite different. The first implies some pathological deviation
among those in the test: sample, and the second implies the
availability of more information in the data. As Sylvia Johnson
(1979, p. 21) recently. remarked, "Focusing on race as a 'cause'.of
performance differences,....is bound to bt. counterproductive."
Moreover, race is not a causative or independent variable
although, like a person's sex, it may be associated with and found
in conjunction with certain putative social factors.
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A mc. useful amproach seeks additional ,information in

achie-7emer.-- data by i.-2entifyin*g areas and ages where intervention
might '_ike be most aenelicial.

=pose of .LIfs -eport is to .present the re=lts cf an
look at a=bievament data for black'stUdents.gathered

in natio7a1 assessments of science and mathematics.
The me is a descripttbn_ of-some of the characteristics of
brac. performance atages 9, 13 and 17.

SCIENCE AND AATHEMATICS ASSESSMENTS

ACh_r_ cement of American students in science has been assessed
on -thr ae occasions by the National Assessment. The first
assessme--- was conducted during the 1969-70 school year, the
secc=d fr i972 -73 and the third in 1976-77. In addition, NAEP has
comc-:etec two assessments of mathematics .achievement -- the first
con: Icted. during 1972-73, and the second five years later, in.

1977 --78. Each of these assessments was -administered to students
at ges. 9, 13 and 17. In each survey, approximately 2,500
stu_ants nationally responded to each exercise. Of the: 2,500
stufants, approximately 400,, or 16%, were black; 125, or 5%, were
His_anos; 50, or 2%, were Oriental and Na.tive American; and 1,925,
or -7%, were white.'

The availability of data and several unique features of the
National Assessment program make it an excellent source for
identifying characteristics, of performance among student groups.
NAEP assessments are designed to-describe how defIned groups of

students -- as opposed to individual students ----respond to a

broad range of exercises in a subject area (see Appendix A for
group definitions): .In adaitin,- NAEP exercises result from
several techniques designed to ensure objectivity:

-
Data gathered with NAEP exercises are not designed
predictive.

Exercises measure' objectives, developed- to reflect
taxonomic levels and a broad spectrum of subject-area
content.

Exercises are written through a- team approach *involving a
crossseption of educatOrs, professional and lay persons
in a consensus process; therefOre, exercises do not.:

represemt any. single curriculum,

Exercises are' reviewed extensively for bias and content
validity and are tried out in the field before inclusion
'in a nationwide assessment.

2



Exercises 1.ange in complexity from r=ay" to "diffi2ult."

Exercises' are administered with a raced audio r_ape- to
. compensate for variations in readfn- and comprehension
skills.

Taxonomy and Content for Science and.:Matha=atics Assessments

For assessment purposep, the domain o. zcience wasdesceibed
in two broad dimensidns. One dimension invc1-ad'classification of
thelcognitive abilities 'required to respond zo specific typeS of
science questions, based on a condensed anf- simplified version-of
Bloom's. Taxonomy. of Educational . ObjerctfJes, Handbook I': The /
Cognitive Domain- (1956). The second dime:.sicn divided tf_e domain
of 'science itb three major areas: (1) content, the body of
knowledge of science; (2) the procets py which that body of,

knowledge comes about; and ..(3) science and society. -- the
implications for that body of knowledge for mankind. In the
19U-77 assessment of science. ?09 exercises were administered' to
9-year-olds, 284 to .13-year-olds and 313 to,17-year-olds.

The taxonomic and content areas for scier :e are:

SCIENCE
4,

Taxonomic, Levels
Knowlakin

A, Comprehension'
Application_
Analysis, Synthesis and Evaluation (ASE)

'Science ,Content (the body of knowledge of science)
-Biology
Physical Science .

Earth Science
.-Integrated Topics

Science Process (the process by which that body of
knowledge comes about)
Process Methods
Decision Making

Science and SOciety (the implications, of that body of
knowledge for humankind)
Persistent Societal Problems
Science and Self. -

Applied Science and Technology



The 1977-7E mathematics-.assessment was designed to measure
students' =erf-ormance at four'-different cognitive proces's levels
crossing a variety of traditional mathematics content areas.. In

the mathematl.cs assessment, 386 exercises were administered to
9-year-olds, 6:3 to 13-year-olds and 654 to 17-year-olds.

The following list describes the taxonomic and content areas
for mathematics.

MATHEMATICS

Taxonomic Levels
Knowledge
Skill
Understanding
Application

Content AL.eas.
Numbers and. Numeration
Variables and Relationships
Shape, Size and Position
Measurement
Other Topics

The remainder of this report will describe the' data source,
give an overview of changes in science and mathematics
achievement, describe the method of identifying some of the

characteristics 'cif black students' performance by taxonomy and
.,content areas and discuss some of the implications of this

exploratory analysis.

Description of the Data Sour'ce

'Students in the National Assessment sample are chosen through
a multistage probability sampling design so they represent the
national population. Therefore, on the basis of the performance
of about 2;500 9-year-olds on a given exercise, we can generalize
(or infer) about the Probable' achievement of all 9-year-olds in
the nation. Performance is, thus reported in terms of the
percentages of young persons correctly answering a given-exercise.

1 In the 1977-78 mathematics assessment, there was one booklet of
items per age that was designed to be administered with an
electronic hand-held calculator. Those exercises are not included
in, this analysis.

4
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Changes in national i-7E-formance are the differences between
the percentages of young persons correctly answering a given
exercise or .set of,exercises from one point in time to another.
'Changes in performance of certain-groups of students are indicated
by changes ir. the percentage correct for a group and by changes in
the group'.s position compared with the national percentage
correct. By obsetving these two changes, we'can determine, first,
whether a larger or smaller' proportion of students answered' an
exercise correctly in one assessment than in another, and, second,
whether or not there was a change between assessments in the
group's standing compared with the nation as a whole. Both types
Of information contribute to our understanding of whether the
achievement level of a given group has changed. In, reporting mean
changes, only, those changes greater than twice their standard
error are considered statistically significant. In reporting
changes greater than two standard errors, NAEP is confident that
changes of this magnitude would occur: by chance in fewer than 5%
of all possible replications of its sampling and data collection
procedures.

An Oveiview of Ohanges2 in Performance
in Science and Mathematics

National trends in performance were, quite similar for both
science and mathematics. Declines in achievement were noted at all
ages,,with 9-year-olds declining least and 177year-olds declining
the most. Nine-year-olds' declines were not always statistically
significant and, in science, the declines appeared to have
decreased between the second and third assessments (see Three
National Assessments of Science: Changes,im Achievement, 1967777;
1978).

2In .order to report changes in achievement over time, a portion of
the exercises are not released so that they may be readminiStered
to the same age students during subsequent assessments of the
subjeict. area In addition, all -adm'inistrative' and scoring
techniques are duplicated from assessment. to assessnent to assure
the accuracy of the change measures.
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When performance of black students is compared with the
nation, the trends' are less clear. In the science assessments, the
average percentages of correct responses-for blacks_ were 10 to 15
points below the nation at all ageswith no significant or
consistent changes over time. In mathematics, bladk-S'' average
performance was 10 to 20 percentages points below the nation, but
blacks', relative standing improved between 1g72-73 and 1977-78
(the age-17 change was not statistically significant) .

Method for Comparing National and Blacks' Performance

, The exploratory analysis in this report is based on the
response data gathered on the collections of exercises
administered to 9-, 13- and 17-year-olds during the 1976-77
science assessment and the 1977-78 mathematics assessment.

Tables 1 ,and 2 display the overall national results compared
with black students' _performance in science and mathematics by
taxonomic level and content categories for each age group. These
mean percentages reflect performance on all cognitive exercises
included in the science and mathematics assessments, respec ively.

Table 1 indicates that_ the mean difference between -black
students' performance and national performance is 13 percentage
poi-As at age 9, 12 percentage points at..age 13'.and'17 percentage
points at age 17' on all cognitive, exercises included, in the
science assessment. 'Els pattern sugcesta that some of the
problems in science that occur at age 9 may be abated by age 13.
However, Uy age 1.7, problems noted in science at age 9 seem to
reappear and to become more vivid. ,Notice that this general
pattern is reflected also in the content breakdown, but with some
exceptions. For,example, on science Application exercises at ages
9' and 13', the mean difference- between? black students and the
nation remained the same, but increased at age 17. On the other
hand, on Analysis, Synthesis And Evaluation exercises, the deficit
was large at age 9 (17 percentage points),,but decreased by age 13
to 13 percentage points. The deficit by age 17, however, increased
to 20 percentage points.

Among the science content areas, Process Methods apPears 'to
be. the site of problems for black students: at' age 9, the defic it,
was 17 percentage points; at age 13, the deficit was 13 percentage
,points: and at age 17, the deficit'; Was 19 percentage points.
'Nevertheless, the general pattern Observed in the taxonomic level
Persists.



TABLE 1. Mean' National Percentages of Correct Responses and Blacks'
Mean Differences From the Nation in the 1976-77 Science Assessment

by TAxoncmic' Levels and Content Areas, Ages 9, 13 and 17

All exercises

TaXonopy'
Knowledge
Comprehension'
App liati on

,Anaiyfls; ,sYnthesis and
eyal uati on

Content
Biology
Physical science
Earth science
Integrated topics
Process-methods
Persistent societal problems
Science 'and self
Applied science and

technology
Decision making

No. of Exercise, Mean National
Percent Correct

Mean Black
Di fference From
the Nation

179 13 17 9 13 17 9 13

209 284 313 51 .49 53 -13 -12

26 29 22 '58 49 53 .713 -11
119 139 140 49 50 -13 -11
51 88 110 48 487 -13 -13

10 28 31 . 49 49 54' -17 -13'

66 77 74, 53 51 56 -13 -11.
71 66 82 .45 49 46 -11 -11
27 43 43 46 42 49 -11 -12
2 14 19 42 .3, 51

41 58 62 54 54' 57 -17 -.13

.12 48 56 A8 .41 55 -11
14"t' 22,. 25 56 59_ 68 -13 .-12

1 15 21 42 51' -11,
1 11 16` 56 67 -14

1 3

-.16

-13

-14
-17

-20

-f5
-14

-16
-17
-19
-17
-13

16
-17



TABLE 2. Mean National Percentages of Correct Responses and Blacks'
Mean Differences From the Nation in the 1977-78 Mathematics Assessment

by TaxonomiC Levels and Content Within Taxonomy; Ages 9, 13 and 17

No. of Exercises Mean National
Percent Correct

Mean Black cl1

Difference From
the Nation

13 179 13 17 9 13 17 9

All exercises
. 4

.386 633 654 52 54 58 -11

yaxonomY-.

Knowledge , 161. 147 140 66 67 72 -11
Skill 137 272 273 43 52 59- -11
UnderStanding 44 108 105 40. 52 58 -10
Application '44 106 136 38 ,43 43 -11

Content within taxonomy*
Knowledge:. . .

Number and numeration 120 . 86 68

,

67 71. 7 78 -12
Geometry. --- 25 44 46 , 59 57 68 - 9
Measurement 16'. 17 17 66 70 - 7

Skiik-
Computation Lia 129 127 : 35 52 ,67 - 9
Measurement 30. 32 21 53 55. 57 . -11
Graphs and tables 16. 27 29 - 59 69 73 -15
Geometry 15. 19 15 44 46 55 -11
Algebra 19. -. 43 59 39' 52 - 40 -12

ApOlicatiffil

Routine prOblems 33 85 114 37 41 42 -13
Nonrolitine problemi 10 40

-15 -17

-14 -15
-17 -18
-15 -17.

-14 -18

10 -14 , -.15,

-12 ' -17
-16 --16.

-16 -18
-21 -23
,17:. -17
-12 -!9.

-19 -15'

-15 -19
-17

tAkot.alt Mathematics exercises ark .inclucad in these means. In-addition, not all the categorieSare
strictly content within i,athopomy, such.as, routine and nonroutine problems-within application.



Table 2 displays the overall national mathematics results
compared with black students' performance by taxonomy and content
areas within taxonomic levels for each age group. -Generally, the
pattern of mean differences between black students' performance
and national performance in mathematict is not the same as in
science: deficits increase at each successive age. Although the
performtnce difference between black students and the nation at

-age, 9 may. not be cause for great alarm, the increase in the
differences by age 17 is suggestive of some gave problems.

The performance differences between black youngsters and the
nation may'reflect difforendes of exposure. Deficits at age 17 may
be due to low blackenrollments in science and mathematics after
grade 10. Science courses are.electives in many schools after
completion of minimal science requirements, for graduation.
Another.exposure factor that may acocunt for the deficits is
time-on-task. versus quality of instruction. in disadvantaged-urban

- :and. rural schools, for instance.

Although this exploratory analysis is based ofla,comparison
between the 'total ;national and black samples, an analysis of
performance among black students would yield more refined'results.
For-example, the overall results of the 1976-77 science 'assessment:
indicated that black' youngsters' at ages 9 and 13 who attended
schools in advantaged-urban areas performed-near, or above the
overall. national percentages (see.- Science Achievement in the
Schools: A Summary of Results From the 1976-77 National Assessment
of Science, 1978, pp. 20-21).

In Order to identify the characteristics of performance' among
black students, .a. comparison 'between .national performanoe ,and
blacks', performance.wasomade. :National performance (N) thus was
used asa standard against.which black students' performance' (B)
cOuld be examined. All

into
percentages for exercise7level

data were categorized into ranges of performance. Specifically,
national percentages were,grouped on the basis of the following
ranges:

All exercises where N.% =.100-90
All exercises where N.% = 89-80 .

All exercises where N-I ='79-70
All exercises where N, = 69-60
All exercises where N % = 59-50

.

Exercises on which the percentages of correct responses met
this criterion became -a pool of selected ,exercises for °this
analysis., All 'exercises . on which the' 'percentages of' correct,
responses were :49% or less. were excluded from this analysis. A

different cut-off Point could yield different resultS.. .Obviously,
there is some point at which level of difficulty of the exercises

.'and minimal exposure of students to material influence

9 7
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performance. A cut-off point_ is determined with reference to the
goals of the analysis. The goal of this exploratory analysis was
to test the efficacy of the method in order to see if broad
characteristics of performance could be identified.

Next, blacks' performance Was compared with national
performance within the context of the ranges of performance listed.
above. Thus, the comparative method was:

Ranges of
Performance

1-4
;This 'procedure resulted in placement of the selected exercises
into the categories of blacks' performance. Next, exercises Were

' placed in taxonomic levels by topical or content areas. Bncause
of the large amount of data examined through these successive
steps, Tables a-8 will summarize some _:of the detail by collapsing
the ranges- of national performance'. into a single category
comprised of all exercises where natpnal performence was more
than 50%.

One further examination was made of all exer_cise-level data.'
This examination located all exerc'i'ses on which'the percentages of
correct responses by black students were 'above national
percentages of 'correct responses.

Ni . N
100-90% 89-80%

8 0-9% below N
10-19% below N
20-29% below N
30 -39% below N
40-49% below N

N
79-70%

. N
69-70%

N
59-50%

. In science at age 9, black students performed above the
nation on 18 exercises with national percentag e ranging .from
3-66%; at age 13,. on 15 exercises with national perCentages
ranging from6-63%;, and at age 17, on 17 exercises with national
percentages ranging frOm 10-99%.

In )mathematicsat age 9, black students performed above the
nation on 21 exercises with national percentages ranging from
.6-75%v at age. 13, on 28 exercises With national. percentages
ranging from 679%; and at age 17, on 8exercises with national
Percentages ranging from 5 -50 %. Because the number of exercises on
which blacks' performance was higher than the nation was. so small
and the .national percentages ranged so widely, no further detailed.
analysis was undertaken to identify characteristics of blacks'
,performance on these exercises.

16
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SCIENCE ACHIEVEMENT 4

Two cautions apply when interpreting the data: (1) the
categories of blacks° performance and ranges of national
performance refer to the percentages.o students who responded

ember of exercises that a
single student answered correctly; (2i) the ranges of national
performance encompass all science and mathematics ekercises where

' national percentages of correct responses are greater than 50%. An
example from the detail (not included in the. summaries presented
in this report) Of this analysis will illustrate the significance
of these points for interpreting the data. For nine exercises, the
national performance of 9-year-6lds fell in the 100-90% range. Of
these nine exercises, black students' performance fell 0-9% below
the,nation'on only three exercises and 10-19% below the nation on
the14emaining six exercises. This means that while some 90 to 100%
of the national sample responded correctly to the nine exercises,'
81-993 of the black sample responded correctly to three of the
exercises,' and .71-80% of.the bl,Ack sample responded correctly- to
the, remaining six exercises. So although black students performed
below the nation on the exercises mentioned here, the national
,level of performance is quite high and blacks' performance is only
''slightly less high. These exercises, then, do not indicate
taxonomic levels or content areas where black students necessarily
require :remediatipn. Therefore, blacks" performance is to be
interpreted relative to the nation in this report simply because a
comparison is made between these two, data points.

Table 3 presents the distribution of selected `science
0

exercises across the categories of blacks' performance. Shown in
the first column is'the total number of exercises administered at
each age level. The second pair Of columns shows the number and
percentage of exercises for which national performance was greater
than 501. The categories of- blacks'- performance have been

, retained as described in the previous section, and both the number
and percentages of selected exercises 'that fit each category of
biacks' performancej.s shown'. . :, ;'

Of 209 exercises administered at age 9., 96 (or 46%)"meet the
selection criterion ,described in the previous section -- that is,
their percentages of success were above 50%. Of these 96 selected
exercises, black students' performance was 0-9% below the nation
on 20% of those selected, .10-19% below the nation on 43% of the
exercises Selected; and 20-29% below the nation on,37% of those
se1RCted. Black students' perf6Tmance did''not'fall 30% below the
nation on any of the selected execcises.-

11; _
,

)
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TABLE

1.

Comparison Between National and slack Students' Performance

on Selected 1976-77 Science Exercises

Total Total Selected

Exercises Exercises:

Administered National Performance

>50%

No. %c

Age 9 209

Age 13 284

Age 17 313

N = national.

&Percentage of total exercises'adniinistereth

'Percentage of total 'exercises :selected.

96 46

20 42,
170 41

CC ,

11

Black Performance on Selected. Exercises

by Categories of Performance

0-9% 10-19% 20-29% 30% or More

Below N Below N Below N Below N

No. %t No. % No. % No. %

19 20 41 43 36 37- 0 --

33 28 58 48 , 28 23 1 P
.24 14 59 1 35 71 42 16 9
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In Table 3 add the others, one would hope to see. that more
exercises are in the 0-9% category of blacks' performance than in
the. 20% or below categories. This would indicate that black
students' performance is relatively near the national performance
level,- and if national: performahce itself is low, one could
-conclude that at. least black,students.are not performing much
.differently than the nation. When the number o.f exercises in the
20-29%' 'category is large,. 'however,_ this suggests' that black
students :may be having- problems not experienced by" students
nationally. Conclusions. or interpretations about the ffsiddle

'category of blacks' performance, 10-19%, are,less' clear and must
be made on the basis, 'of the taxonomic and content nature of the
actual exercises.

In Table 3, note that there are more science exercises on
which blacks' performance is 10-19% and 20-29% below the nation
thane there are on which blacks' performance is only 0-9% below the
nation. This is the case at all three age levels.

o

Next examine the exercises within each category of black
students' performance by taxonomic classification. Table 4

Presents the distribution of the selected'exercises across the
science taxonomy by the categories of black students' perkormance.
The four taxonomic levels have been combined into two levelsso
that the patterns-are clearer. Earlier, it was suggesteq that the
possible site, of problems are those exercises, on which blacks
performed from 10-19% or 20-29$ below the nation. Note that at
all ages, the largest percentages of exercises on 'which blacks'
performance is 20-29% below the 4nation are'those classified as
Application and ASE: at age 9, 54 %;, at age" 13, 31%; and at age 17,
60%. COnversely, black students' performance is relatively cloge
to the, nation, on 'those exercises classified as Knowledge and
Comprehension at all three ages. Looking at the 20-29% category
for age 13, some problems observed in the Knowledge and.

0 Compr,?.hension levels at age 9 seem to decrease (age 9 -- 32%1 age
,13 -- only 19%) . Moreover,'there appears to be some reduction of
the problem in Application and ASE by age 13 (age 9 -- 54%; age 13

31%). Note also that at_ age 13, only 24% of the total selectdd
exercises 'for this age group are' those where blacks' performance
.is 20-29% below the nation. On the other Ii6nd, at age 17, 51% of
the' total selected exercises are those whdre blacks' performance
is 20-29% below the nation. In addition, the earlier problem in
Knowledge and Comprehension, suggested by 6he data for
9-year-olds; reappears at age 17. These:patterns suggest that the
duration of time between ages 13 and can have critical
consequences for the bleak student's performance in sc ce.

13
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TABLE 4. Distribution of the Selected Exercised Across Science
Taxonomy by Categories of Blacks' Performance, Ages 9, L3 and 17

Knowledge and
Comprehension

Age 9 total exercises 72

0-9°,4' 22%
10-19% 46
20% or more 32

'TOTAL. 100%

Age 13 total exercises .69 .-

0-9% 32

10-19% -. 49
20% or more 19

TOTAL 100%

Age 17 total exercises 84
0-9% 1.9.

10 -19% 39
20%"or More- '42

TOTAL 100%

*PerceWges may not:total-100% due to rounding.

21)

14

Application Total
and ASE

24

.51

86

96

13% 20%
33,i .43
54' 37..

100% 100%

120
.. 22 .28

47 48
31 24

.100% 100%

170
9 .14'

30. 35

60. 51

100%* 100%



Table 5 displays the selected science exe: distributed
across the content areas by ranges of black sturil. ' performance
for each age group. At age 9, the -total number of selected
exercises is small in certain' areas such as 'Integrated Topics,
Persistent Societal 07oblemt, and Science and Self. There are no
selecte3 exercises in Decision Making and Applied SCience. The
number of selected exercises is a function of two things: FirSt,
at age 9, for instance, fewer exercises are developed for
administration in certain. more. complex content areas. Second,
even though more exercises are deVeloPed in the complex .content
areas, national performance was below the cut-point (50% or
better) selected for this exploratory analysis: Therefore, at ages
13 and 17, the "zeros" under a content area mean that national
Performance .was. below the cut-point even though more exercises
were developed and administered in the content areas than at age
9.

Next, consider the column, "Total." At age 9, black students'
performance fell into the 0 -9 %' category on 20%. of the total
selected exercises, into the 10-19% category on 43% of the total
selected exercises and into the 20-29%, category, on 37% of the
total selected exercises. It has been suggested earlier in this
report that performance gaps of 0-9% below the nation :may not
suggest, serious difficulties. This pattern also persists at age
13. However, at age, 17r black students' performance fell into the
0-9% category on .only 14i of the total seleted exercises and the
percentages increase for each subSeguent range of black students'
performance.: This trend was observed in Table '1, where it was
noted that performance difficulties among black students might
lessen somewhat at age 13, but reappear and'become more evident at
age 17.

To determine the content areas where black students'
performance appears weakest, observe the distribution of selected
exercises within the content areas at each range of performance.
For example, at age 9, there:appear ,to be problems in Biology,
Earth. Science, Process ,'"Methods and in Science and Self, as
evidenced by the large percentages of exercises occurring in the
10-19% and 20-29% categories. However, at, age 13, fewer exercises
are' in the 20-29% category than at age 9, except in Earth Science
and Applied Science. ,Also note at age 13 that." percentages of
exercises where black itudentsr"'performance is only 0-9% below the
nation are larger than at age 9.

At age 17c the converse is the case: fewer of the selected
-exercises appear in the the category of 0-9% below the nation and
more of the selected exercises appear in the category of 20-29%
below the nation. Process Methods (64g) , Physical Science (62%),
Integrated Topics (57%) and Earth. Science (53%) are examples of
content areas where black students appear to experience particular
difficulty.
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TABLE 5, Distribution of Selected Science Exercises Across Categories of Blacks' Performances

by Science Content, Ages 9, 13 and 17.

Age 9 total exercises

Biology

32

Physical

Science

27

Earth

Science

11

Integrated

Topics

1

Process/

liethods

16

Decision

Raking

0

Persistent

Societal

Problems

5

0-9% ,19% 30% 91 ' 0% 12% 01 20%

10-19% 41 ,37 64 0 .,. Al 0 40

20% or more . 41 33 . 27 100 44 0 40

TOTAL .100%*, 100% 1001 100% 100% 01 100%

Age 13 total exercises 35 26 10 4 22 0 13 .

0.9% , 34 31 20 25 10 0 30

10-191 55 38 . 20 50 55 0 62

20% or more 11 31 60 25 ', 21 0 8

TOTAL 100% 100% 100% 1001 100% 0% 100%

.Age 17 total exercises 39 31 15 7 3E 2 25

04% 26 6 ., 20 29 '3 0 4 , 4

10719% 38 12 '. 27'. 1i_ '.. 33 50 ,, 48'

20% or.more 36' 62 53 51 64 50 .48

TOTA,I:.' ,100% 100% 1001 100% 100% 100% 1011

'Pementape my(not.total =dug to rounding,

rff,

Science Applied Total

aid Self Science

4 0 96

25% 0% 20%

50 0 43

25 0 37.

6

.

8

100C
....;

0%.

4

100%

120

31 0 28,

50 50 48

1/ .',,:: 50 24

1001 1.',., 100% 100%

,, 7 170

38
%.

29 14

'25 . 29 35,

'38

4)7
42 SI

100% .100% 100% .
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MATHEMATICS ACHIEVEMENT

Tables 6 through 8 present the results of the analysis of the
mathematics data. Table 6 shows the comparison between national
and black studeifts1 performance on selected 1977-78 mathematics
exercises. We find that of the 38.6 exercises administered at age
9, only 50%, or 193 exe,r ';ises, meet the selection criterion. Of

this number, black students were 079% below, the nation on 47
exercises, 10-19% below the nation on 113 exercises, 20-29% below
the, nation on 32' exercises, 30-39% below the nation on only 1

ex'ercise and 40-49% below on none of the exercises. Notice that
the numbers of exercises, on which blacks performed below the
nation are large in the 10-19% and 20-29% categories. '

Table. 7 presents the .distribution of the, selected exerc ises
across the mathematics ,,,t4con.oiny by categories of. blacks'
Performance. Again, for clarity the four .levels have been. combined
into two. Notice `that at age 9, black students,were 0-9% 'below the
nation on 27% of. the Knowledge and Skills exercises and on only
1,6% of the Understanding and Application 'exerCises. However, the
percentages of Knowledge and 'Skills' (1 -7 %), and' Understanding and
Applications (18%) exercises occurring in 'th'e 20%-or-more "range of

perforthance represent feWer than one-fifth of the. total-

;selected exercises. At age. .13,, the percentages of exercises in
the : 2G%-or-more :low category haS increased, with' 46% of theke

exercises occurring at the Knowledge and Skills level and 39%"

occurring at the Understanding and :Application. level. At' age 17,

we note . that 49 %.. of the Knbwledgej and Skills exercises are those
where blacks' performance was 20% or. more below the nation, and
that 55% of the ,Understanding and Application exercises. also fit

this category of blacks' performance -. More problem exercises
aPpear in the higher taxonomic 'level.. ,

.
Table 8' displays the distributiOn,of the selected exercises

across the 'mathematics content' areas by categories of bladics-'

performance. The mathematics content areas are defined in ,Appendix
B. First notice the "Total!' column in Table 8. .The 'percentages of

selected exercises occurring in '-the .079% 'range of blacks'"

perfortiance decrease: .as age lincreases. At age 9, 24% of exercises

appear in the 0-9% range; ac age 1.3, 18% of the exercises, appear
in this range; and at age 17, only 14% of the exercises appear in

the 0-9% range of blacks' performance. This pattern is an

indication of increasing problems in mathematics at each
successive age and was first noted in Table, 2.

17.
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Age

Age 13

Age 11

TARE 6, 600son fletween National and Black Students' Performance on

Selectif1971-18Mathematics Exercises, Ages 9, 13 and 11

Exercises

:),Administered

9

386

633

654,-

Total Selected

/Exercises:

Natlon0 Performac

193

'331 1'13

4(12 61

Per.Onta0.. of total geroiie .3/ athinistered,

tPeiOntage.. of 001 exoctises selected,

Black Performance on Selected Exercises

by Categories of Performance

0-9 10-19 /O.12g 304g 104

Below N Below N Below N Below N Below N

No, It No. t No, t No, No, t

41 24 111 S9,!, 32 16 1 5 0

59 18 3 32.39 115 31 9 0.

50 14 139 35 136 34 61 16 , 6 1



TABLE 7. Distribution of the Selected Exercises Across Mathematics
Taxonomy by Categories of Blacks' Performance, Ages 9, 13 and. 17

Understanding Total
and Application_

45. 193

Knowledge.

and Skills

Age 9 tql exercises. .148

0-9% .27%
10-19% 56
20% or more 17

TOTAL 100% 100%*

Age 13 total exercises 223
'0-9% 17

10-19% 37
20% or more 46

TOTAL 100%

Age 17 total eiercises 265
0.9% 14
1O-19% 37
20% or more 49

TOTAL 100%

114

137

*Percentages may not total 100% due to rounding.

19

27

16% 24%
67 59

18 17

1000

337

18 18

44 39

39 43

100% 100%

15

30

55

100% 100%

402,

14

35

51

.



TABLE g Distribution of Selected Exercises Across Mathematics Content Areas

by Taxonomy and Categories of, Blacks' Performance, 1Ages 11'13 and 17

Numbers & Variables '& Geollietri Measurement ,Other. Total

Numeration Relationships (Shape, , Topics .

Sizei

Portion)r$7,

Age 9 total exercises 94 5 21 21 0

0-9% 22% 0%. 33% .45% I' I: .

10-19% 58 80 , 57 45

20% or more 20 20 10 10

TOTAL 100%r 1001 100% 100%'

Age 13 total exercises 152 25 43 32

0-9% 20. 8 19 9

10-19% . , 38 32 51 25

20% or more 42 4 60 30

TOTAL 100% 100% 100% 100%

f
Age 17 total exercisez 181 19 61 30 111 402

0-9% 17 5 18 13 11 14

10-19% 33 32 41 23 37 35

20% or more 50 63 41 64 52 51

TOTAL 100% 100% 100% 100% 100% 100%

,44 193

14% 24%

68 . 59

18 17

100% 100%

85 337

18 18

42, 39

40 43

100% 100%



Next observe the 20%-or-more category of blacks' performance
fOr each content area .at each age. At age 9., for instance, the
percentages of selected. exercises in this range of performance are
less than the percentages of selected exercises in.the 10-19%
range. However, at age 13,this pattern is reversed in all content
areas except Geometry and Other Topics where the larger
percentages ccu-rred ,in the 10-19% range. At age 17, the
percentagesof selected- exercises in all content areas are greater
in the 20%-ormore-below-the-nation category than in the10-19%
range. This pattern is an indication of problems in all of the
mathematics content areas. Moreover, the pr tern becomes
accentuated by age 17.

Table. 8 also allows us to see that Variables and
Relationships and Measurement are major sources of content
problems at ages 13 and 17. Among 17 black students, however,
problems are suggested in all the content areas,

Appendix C shows the distribution of selected exercises
across science and mathematics content areas by taxonomy and
categories of blacks' performance for ages 9, 13 and 17.

CONCLUSION

.The purpose of this analysis has been to identify some of the
broad .chatacteristics of performance by black students at ages 9,
13 and 17'in science and mathematics. As the findings are
reviewed, one must keep in mind, that all statements reflect the
analysis of data based on group performance rather than 'on
'individual performance. These data in no way imply that
individual black students did' not or could not respondcorrectly
to any exercise or sets of exercises.

On t4k basis of this exploration of exercises used in the
1976-77 science assessment and the l9:77-78 mathematics assessment,
clearer patterns of black 'students' perforMance have been
identWed. The difference between the pattern. of performance in
science and mathematics is that the mathematics problems appear to
exist at' all age levels and become accentuated by age 17. .In
science, tEW-e appears to be a smaller, overall.gap in performance
.between blacks and the nation at age 9; moreover, the gap tends to
natrow at age.13, but widens noticeably:-at age 17.

.

These patterns of black students' performance were suggested
in Tables 1 and a. The results presented in Tables 3, 4 and 5

clarlify which.areat present specific.problems.For example, Table
3 indicates that there .were 16 science exercises at age 17 where
black student's' performance fell into the 30-39%-below-the-nation
category. Table 4 indicates that the App14cation and ASE taxonomic
levels appear to be sites of'major problems at age 9 and again at
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age 17. Table 5 .pinpoints particular content-area- problems
suggested first in Table 1. For although the data in
Table 1 suggested the problems in Process Methods, now mirrored in
Table 5, Table 1 did not present as clear a picture' of problems
now seen in the Earth Science, Physical Science and Applied
Science content areas.,at ages 13 and 17.

Tables 6, 7 and 8 alsr) provide a' slightly different view of
the mathematics data than that presented in.Table"2.For example,
Table 6 indicates that there are 'exercises on which black
students' performance fell _tnto the. 30 -39% -and
40 -49%- below- the - nation. categories at'. ages 13 and 17, although
national performance was 5 0 % or better.. Black stud eites !.
performance did not fall into the 40-49%-below-the-nation categbry
in science at any'age.,.

Table 7 suggests that 'problems at all ages may be more grave
in the Understanding" and Application levels thanthane in the Knowledge
and Skills revels of, the taxonomy. However, at age 17, problems
may be of equal- strength across the taxonomy.

Table 8 indicates specific mathematical content areas where
black students apparently experienced the greatest problems:
Variables and Relationships and Measurement at, ages 13 and 17 in,

particular; at age 17, across all content areas. Table 2, however,
is perhaps the .better display for discerning that at age 13, black
youngsters experienced more problems, in . Skills/Measurement
exercises than in Knowledge/Measurement exercises. Table 2

reflects a somewhat different primaty analysis of the mathematics
data than that employed for the science data.

This analysis does not. provide any final answers about black
students' performance in science or mathematics. Instead, tile

,application of the, exploratory method has resulted .in the
identification of several broad characteristics of perfvimance
patterns among black students at ages 9, 13 and 17. One of the
most notable Outcomes of this exploration has been thre discovery
that black stud.W5ts' performance in science does not reflect the
same pattern as, black students' performance.in mathematacS. This
result,bas some implications for those interested in designing and
implementing intervention strategies. . In addition,., the results
have also revealed several content areas in both science and
mathenatics where black youngsters appear to experience consistent
difficulty. This result may have educaional significance for
those engaged .in curriculum development,. Finally, the results of
this exploratory analysis seem t-q argue for early intervention i!r:

science and mathematics for black students. This does not mean,
however, that on-going r.emediation at the more advanced ages (l3
and 17) should be curtailed. It. simply suggests that early
intervention should accompany later remediatien activities.
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Several additional aspects of black students' performance'
should be investigated. For example, variations in performance
among black students could ;,pinpoint more precisely those students
most likely to benefit from intervention measures. Other
categories, such as level of parental education, region of the
country and community size, should be explored for their potential
effect on student performance. ,

O
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APPENDIX A

DEFINITIONS OF REPORTING GROUPS

'National Assessment'examines results7fox various groups of
people within the national population. These. groups are defined as
follows:

Sex

Race

Group Definitions

Results are reported -for males and females.

Results are presented for blacks, whites and Hispanos.

Region

The country has. been divided into four. regions: Northeast,
Southeast, Central and West. States _i'n'cluded in each region are
shown on the following map.

25
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Level of Parental Education

Three categories of parental-education levels are defined 'by
National Assessment, based on students' reports. These categories
'comprise those whose parents did not graduate from high school,
those who have at least one parent who graduated from high school
and, those who have at least one parent who' has, had some
post-high-school education.

Type of. Community

Communities in this category are defined by an occupational
profile ,of the area served by a school as well as by the size of
the community in which the school is located.

Advantaged urban. Students in this group attend schools in or
around cities with a population greater than 200,40 where a high
propOrtion of the residents are in professional or managerial
positions.

Disadvantaged urban:. -Students in, this group attepd,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.

Extreme rural. Students in this group attend schools-in areas
with a population under 10,000 where most of the residents are
farmers or farm workers.

Size of Community

Big cities. Students in this group attend schoolS within the
city limits. of cities having a 1970 census population over
200,000.

Fringes 'around big cities'. Students in this group attend
schools within metropolitan area (1970 U.S. 'Bureau of 'the Census
urbanized areas) served by cities having a population greater than
200,000 but outside the city limits.

Medium cities. 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.

Smaller places. Students in this group .attend schools in
'communities having a 'population less than 25,000, not classified
in the fringes-around-big-cities category.

1
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Grade Level

Results are categorized" for 9-year-olds in the 3rd or 4th
grade; 13-year-olds in the 7th or 8th grade; and 17-year-olds in
the 10th, 11th or 12th grade.

ti
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APPENDIX B

MATHEMATICS CONTENT AREAS

Numbers and numeration. These exercises deal with the ways
numbers are used, processed or written. Knowledge and
understanding of numeration and number concepts are assessed 'as
whole numbers, fractions, decimals, integers, percents and order
relationships. Problem solving, including both routine and
nonroutine number problems, is also included. Some exercises are
consumer problems that deal primarily with the uses of mathematics
in commercial situations. This latter group is emphasizedmor:e at
the 17-year-old level than at the two younger ages.

Variables and relationships. These exercises deal with facts,
deffFITETE.hs and - symbols" of algebra; the use of variables in
equations and inequalities; the use of variables to represent
elements of a number system; COctions and formulas; coordinate
systems; and exponential and trigonometric functions. There are
very few exercises in this category appropriate for 9-year-olds
and only a few topics are, appropriate for 13-year-olds. Many more
are appropriate at the 17-year-old level.

Shape, size and position.. These exercises measure objectives
related to school geomotry. They con, %rn plaae and solid shape's,
congruence, similarity, properties of triangles, Properties of
quadrilaterals, -constructions, sections of solids, other basic
theorems and relationships, rotations.and symmetry.

Measurement. These exercises cover appropriate units;
equivalence relation's; instrument reading; length, weight,
capacity, time and temperature; perimeter, area and 'volume;
nonstandard units; and precision and interpolation. Some of the
`measurement exercises require the use of metric units.

Other to ics. The topics included at all age levels are
probabiU y an statistics; graphs, tables and charts; and logic
(Mathematics Objectives, Second Assessment, 1978; pp. 18-19).
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APPENDIX C

DISTRIBUTION OF SELECTED EXERCISES ACROSS SCIENCE AND
MATHEMATICS CONTENT AREAS BY TAXONOMY AND CATEGORIES

OF BLACKS' PERFORMANCE, AGES 9, 13 and.17

31



Table C-1 DistributiOn of the Selected Exercises Across Science.Taxonamy by Categories
of Blacks'Performancep Ages 9, 13 and 17

;ategories of Black Performance

Science Taxonomy

Knowledge Comprehension

.ge 9 - 96 selected exercises 4 _or .21% 12 or 63%
1-9% 19

.0-19% 41 9 or 22% 24 or 59%

!0-29% 36 5 or 14% 18 or 50%

Analysis, Synthesis
ATtplicition and Evaluation

3 or 16%

8 or 19%

10 or

-0-

3 or 08%

ge 13 - 120 selected.exercises
1-9% 33 4 or 12% 18. or 55% 8 or 24%

.0-19% ' 58

!0-29% 28
30% + 1

,ge 17 --. 170 selected exercises
1-9% 2.1;

Q-19% 59

!0-293 71

30%+ 16

7 or 12%' 27

2 or 07% 11

3 or 13% 13

'6 10`.4 27

5 " 07% 28

1 or 06% 1

37

or 47% ;20 or 34%
or 39% 11 or 39%

I or 100%

3 or 09%
4 or 07%
4 or 44.%

or 54% 7. or 29% 1 or 04%

or 46% 22 or 37% 4 or 07% -).;

or 39% 26 or 37% 12 or 17%

or 06% 12 or 75% 2 or 13%



Table C-2, Distribution of ,96 Selected Exercises Across Science Content Areas
by Taxonomy and Categories of Blacks' Performance ,

Age 9

Earth Integ, Process, Persistent Societal Science Applied Decision

BiolNy Science Tssicj, Mnthods Problems and Self Science .12121;ta..1
M9,919.9 11919919

NnewlecigA

0-9% - 4 1

10.19 % -9 4 1

2029% - 5 2 1

Compreh:nsion I

0-9% - 12 4

10-19N - 24 6 8

20-29% - 18 7 4

Applications

0-9% 3 3

10-19% - 8 3 1

20-29% - 10 4

Analysis, Synthesis

and Evaluation

0-91 0

10-19% - 0

...Z0T1Z9 % 3

'Totals

2

1 - 2 1

r
1 - 1

1 9

1
2

9..11=9.919=

32 or 33% 27 or 28% '11 or !Di° 1 or 16 or 17%'

01%

f.



C-3. Distribution of 120 Selected Exercises Across Science Content Areas

by Taxonomy' and Categories of Blacks' Performance; Age 13

Holm '''''Physical. Earth Science .Intei. Proces's-liethols Persistent Science and Self Applied Decision

Science.: ,yopids Societal Science ljaitii
1 ' Problems

0-9Z-4

' 2043-2

CompleterIsiori

1

Synthesis' and''

13 or 11% 6 or 05% ror 03% -0-



Knowledge

0-92-3

10- 192 -6 3

2(097-5

Table C-4. Distribution of 170 Selected Nercises ACross Science Content Areas-

by Taxonomy and ..Categories of Blacks' Performance, Age 17

016103y

102+

cOMprFlienSt6d

Physical Earth Science Integ, Process-Methods Persistent Science and Self

yoOcs Societal

Problems

1

1'

Applied llee:Illon

Science Makil

S

n

10-192-r

2

2

2

I I

10-292-2S 5 3 2 6

302+ -1

Al

0 -n-10-n72 2

10-192 712 ' 4 5 I
- I

2(.0 NZ-26 3 10

1, 8

102+ -12 2 4 1

AnnYN Synthesis and Evaluation

0 -92 -I 1

;,10-1(4-4
2

0

20-.292-12

302+ -2 1 -

Totals 39 or 23% , 31 or 18% 15 or 09% 7o04% 36 or 21% '25 cr 15% 8 or 05% 7 or 04% 2 or 01%



Table C-5. Distribution of the Selected Ekercisr4 cross Mathematics Taxonomy
by Categories of Blacks' Performance, Ages 9, 13 and 17

Mathematics Taxonomy

C:ate_gories of Black Performance Knowledge 'S1E1lls Ui4de standln 1..... tiyellcatiOn

rige-9, 193 Selected Exercises
.

r''-'0-996 - 47 28 or 60% . 12 or 26% 24,08%. - 3 or 06% f

lo-lq% - 113 46, of 41% 37 or 33% 10 or0.9% 20 or 17%
or 97% .9 or 28% 2 or 06%

.
6 or :19%

1 or 100% 0 , 0

20.-29%.- 32

30-;39% - 1 ,

15

0

1ge 13', 337 Selected Exercises.
0-9% - 59 19

10-19% - 132 .': 37

20-29% - 115 31

.40-39% - 31 7

1ge 17, 402 Selected Exercises
0-9% --58 17

10-19% - 139 35

20-29%- 136
30-39%- 63
40-49% - 6

or 32% 20 or 34%
or 28% 45 or 34%

or 27% 47 or 41%
rg. 23% rl 11* or 55%

,

or 29%

or 25%

30 or 22%
15 or 24%

0

21 or 36%
63 or 45%
59 or 44%
20 or 32%
64- or 83%

9 or 15%
24 or 18%

23 or 20%,
c' 1 or,03%

9 or 1
22 or 1
21 or 15
12 or 19%

1 or 17%

11 or 19%
26 or 20%

'14 or 12%
'6 or 19%

t

11 or 19%
19 or 14%
26 or 19%
16 or 25%



Table C-6, Distribution of 193 Selected Exercises Across Mathematics Content Areas

.by Taxonomy and Categories of Blacks' Performance, Age 9

Numbers &

_Numeration

Knowledge

0-9% 28 17

10-0% - 46 36 .

20-29% - 15 15

30-39% - 0

Skills

0-9% - 12-

10-19% - 37

20-29% - 9

30-39% - 1

3

12

Understanding

0-9% - 4

10-19% -10,

20-29% 2

30-39% 0

Application

0-996.- 3

10-19%

20-29% - 6

30-39% -. 0'

Totals

1

2

Variables &

Relationships

Geometry

gutisizilLog2i Measurement Other Topics

6

1 7

4 4 9
,

8

1 1 3 3.

-
/

- 1

1 2

2

1

3

14

4

5 or 02% 21 or 11% . 29 or 15%

44/44/014444/.0

44.or,23%



Table 0-7. Distribution of 337 Selected Exercises Across Mathematics Content Areas

by Taxonomy and Categories of Blacks' Performance, Age 13.

(411.1AL1 e

0-9%,- 19

10-19% 37 ,

20-29% - 31

30-39% - 7

Skills

079% - 20

10-19% - 45

20-29% - 47

30-39% -17

Understanding

0-9% - 9

10-19% - 24

20-29% - 23

30-39% - 1

Npplica tion

0-9% 11

10-19% - 26

20-29% - 14

30-39% - 6

Totals

Numbers &

Numeration

'Variables '&

Relationships

Geometry

(Shape, Size, Position) Measurement Other Topics

11

23

18

2

7

10

7

4

1

14

6

1

'

10 2, 1 , 2 5

21 8 5 4 7

2). 10 2 7
,

7

4 5 - 6

7
t.---, - 2

6 - 6, - 12

1/4v 10
,,,

13

- - - ...
1

- - 8

8 1 17

5. 9

3 1 2

152 or 45%. 25 or 07% 43 or 13% 32 or 10% ,85 or 25%



Table C-8. Distribution of 402 Selected Exercises Across Mathematics Content Areas

by Taxonomy and Categories of BlaCks' Performancei,Age 17

Geometry
.

Numbers & Numeration Variables & Relationships (Shape, Siiel Position) Measurement Other Topics
1

ri1211121.2
1

0-9% - 17 9.

10-19% - 35 18 .-

20-29% - 30 '10 -

30 -39% - 15 8 I
.-

Skills

0-9% - 21 16 1

10-19% - b3 33 6

20-29% - 59 36 8

30-39% - 20 10 2

10-49% - 05 2

Understanding

0-9% - 9 3

10-19% - 22
,;)

20-29% - 21 11,

30-39% - 12
, 3

40 -49 %' ,-- 1
I IP

Application

,

, 5 . -3

12 4

15 5 -

5 2

ti

1 3

3 15

4

3 5

2 1

10

10

9

1

0-9% - 11

10-19% - 19

2

2

-

2

-

),

-

20-29%,'- 26 7 2
s,

1

30-39% - 16 6 - 2

TOTALS 181 or 45% 19 or *05% 61 or 15% 30 or On

44

9

15

16

8,

111 or 28%
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